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GEOLOGY AND MINERAL DEPOSITS OF THE
CARTERSVILLE DISTRICT, GEORGIA

By TuomAs L. KESLER

ABSTRACT

The Cartersville mining district, 40 miles northwest of
Atlanta, contains residual deposits of barite, manganese
oxides, brown iron, ocher, and umber, and primary bedded
deposits of specular hematite.

Mining of brown iron ore b2gan about 1840, and the total
output through 1943 is probably about 5,000,000 long tons.
At least 20,000 long tons of umber have been shipped as iron
ore in recent years. Manganese mining began not later than
1866; the recorded output of concentrates containing more
than 10 percent manganese is 437,089 long tons, and there is
probably only a small amount unrecorded. Ocher has been
mined intermittently since 1877, and the total output is about
340,000 short tons. The mining of barite, begun about 1887,
has been the most important of the mining industries since
1916; the total output of concentrates through 19438 is about
1,830,000 long toms, or about 24 percent of the total produc-
tion of the United States.

Geologic formations.—The district is underlain by Cam-
brian metasedimentary rocks and gneisses derived from them.
The Cambrian rocks were deposited as caleareous and non-
calcareous shale, sandstone, amorphous hematite, doloniite,
limestone, and variably calcareous siltstone; all the rocks
have been recrystallized. In ascending order, they are di-
vided into the Weisner, Shady, and Rome formations of
Lower Cambrian age, and the Conasauga formation of Middle
and Upper Cambrian age.

The Weisner formation consists principally of finely mica-
ceous metashale containing scarce to abundant beds of
quartzite and, less commonly, beds of metaconglomerate,
metasiltstone, and crystalline earbonate rocks.” The beds do
not occur in any uniform stratigraphic order, and are ex-
posed in a belt of parallel ridges that trend northward
through the middle part of the district. The base of the for-
mation is not exposed, but structure sections plotted from
outcrops show that its thickness is more than 1,000 feet,
probably more than 2,000 feet.

The Shady formation consists of variably siliceous specu-
lar hematite interbedded with dolomite. The age of the rocks
is established by fossils, which occur in great numbers ‘in
some parts of the hematite beds and in residual, silicified
parts of the dolomite. The beds of the Shady are conformable
with those of the Weisner, but appear to be not everywhere
present above them. The Shady formation is apparently
broadly lenticular and has a maximum thickness of 30 feet,
perhaps a little more. Where the Shady is absent, the Weis-
ner is overlain by the Rome formation.

The lithology of the Rome formation is not uniform. In the
extreme western part of the district, the formation consists
largely of crystalline dolomite and limestone whose maximum
thickness is about 1,800 feet. In the southeastern part, it
consists largely of metashale whose thickness is at least
2,000 feet. The carbonate rocks and the metashale inter-
grade; the metashale adjacent to and overlying the carbonate

rocks is calcareous, and irregular parts of it are weakly
chloritic. To express the relation graphically, the original
carbonate rocks were deposited as an irregular wedge or
member thinning downward to the east, and the original
shale was deposited contemporaneously as a complementary
wedge or member thinning upward to the west. East of the
main wedge, the carbonate rocks oceur in lenticular -bodies
at and near the base of the metashale, and similar lenticular
bodies of amphibolite farther east are believed to be strongly
altered parts of the carbonate rocks.

The Conasauga formation consists largely of metashale
containing unevenly distributed thir and thick beds of weakly
caleareous metasiltstone. Its maximum thickness in the north-
eastern part of the district is 2,000 feet, but the upper part
of the formation has been removed by erosion.

Feldspathic gneisses, derived through the metamorphism
and replacement of the Cambrian rocks at the close of Car-
boniferous time, underlie much of the central and south-
eastern parts of the district. One variety consists largely of
oligoclase, quartz, parallel mica laminae, and varying amounts
of orthoclase. A second variety consists largely of andesine
with smaller amounts of partly uralitized augite, biotite,
quartz, and orthoclase and is layered rather than foliated.
A third variety consists principally of orthoclase, most of
which occurs in large porphyroblastic crystals and aggregates
of such crystals. The orthoclase is enclosed in a groundmass
whose mineral composition and structure are, in different
places, those of either of the other gneisses. Orthoclase of
similar habit has been found in the Cambrian rocks at 46
localities whose distance from the contacts of the gneisses
ranges up to 6.5 miles. ’

The foliate and layered structures of the gneisses are in-
variably parallel to the bedding of the Cambrian rocks re-
gardless of the local attitude of bedding or the orientation of
contacts. Metashales adjacent to the gneisses contain much
secondary feldspar and quartz, particularly where the con-
tacts are oblique to bedding and foliation, The minerals of
the gneisses have been irregularly deformed, but the effects
of deformation have not been obscured by recrystallization.
The strongest effects are strain twinning in orthoclase, strain
shadows in quartz, and less commonly fractures without ap-
preciable offsets. Orthoclase is characteristically veined and
corroded by plagioclase and quartz.

Folding and faulting.—The Cambrian rocks are strongly
folded, and the folds are accordant units of a broad belt of
folds that, farther west, contain Carboniferous rocks. The
least competent of the rocks were the shales, which at the
time of folding made up the greater part of the geologic
column in the eastern and central parts of the district. The
shales, and the sandstones and siltstones interbedded with
them, were compressed in parallel, more or less isoclinal
folds oriented mostly northeast and overturned northwest.
The carbonate rocks of the Rome formation were the most
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competent; they thicken westward, were not so readily com-
pressed, and were folded asymmetrically rather than isoclin-
ally. Careful mapping and study of the rocks has shown no
evidence of a major overthrust fault, which is shown on
earlier maps of and including the district.

The folds are units of major anticlinoria and synclinoria
that extend beyond the limits of the distriet. The folds in
which the Weisner rocks are exposed constitute an anticli-
norium. Synclinoria occur to the east and west of it; rocks
of the Rome formation are exposed in the synclinorium to the
east, and Knox dolomite in that to the west. The maximum
thickness of rigid rocks adjacent to the district occurs in the
area south and west of Cartersville, where the Rome forma-
tion is overlain directly by the Knox dolomite. The combined
resistance of the carbonate rocks in that area to the compres-
sion of folds was greater than the resistance farther north,
where the weak Conasauga rocks ocecur between the Rome
and the Knox formations, and thicken northward. The local
shortening was therefore less in the area south of Carters-
ville than farther north. The unequal shortening bent the
folds of the Weisner anticlinorium, giving the axis of the
major structure a sinuous trend, and developed rotational
stress that formed steep faults oriented parallel and oblique
to the trend of the axis.

Rock alteration not related to weathering.—The folding of
the rocks was of flexural-slip type owing to the presence of
shales interbedded with more competent rocks. Recrystalliza-
tion apparently occurred during folding, for, with few excep-
tions, muscovite crystallized parallel to the bedding regardless
of the attitude of bedding. The slipping movement in the
beds of shale, between the more competent beds, is believed
to have governed the orientation of the mica. A gradual
though irregular westward decrease in the grain size of all
the rock-forming minerals, which is measurable only in thin
sections, suggests that heat essential for recrystallization was
supplied from the east; water, also essential, is believed to
have been present in the pore spaces and hydrous minerals
of the original sediments. The uniform mineral composition
of equivalent varieties of the rocks, except near the felds-
pathic gneisses, indicates an essentially uniform temperature
of recrystallization. The westward decrease in the grain size
of the minerals is interpreted to indicate that the period of
time during which the temperature was maintained dimin-
ished with distance away from the source owing to diffusion.

The contact relations of the gneisses with the Cambrian
rocks, and the mutual relations of the minerals in the
gneisses, lead to the conclusion that the gneisses were em-
placed during the final, sporadic movements of folding, and
not by the forcible intrusion of igneous magma. The process
apparently began with the deposition of orthoclase in Cam-
brian rocks, in greatest abundance in areas now underlain
by the porphyroblastic gneiss. The orthoclase was irregularly
strained and fractured, and was veined and corroded by
plagioclase and quartz that were subsequently deposited; the
plagioclase and quartz also were strained and fractured.
Appreciable though uneven strain and fracture occurred only
in the gneisses containing mica laminae, and the relation
suggests that the nonplaty crystals interfered with slip along
the laminae. The laminae and the uralitized augite are re-
garded as residual parts of the Cambrian rocks, but no
inference is made regarding the relative importance of re-
crystallization, replacement, and lit-par-lit injection in the
emplacement of the gneisses. The widespread influence of a
watery solution is indicated, however, by the occurrence of
orthoclase porphyroblasts and orthoclase-quartz veins in
Cambrian rocks remote from the gneisses and inaccessible to
a viscuous fluid.

Primary ore and gangue minerals were deposited in the

faults formed by the influence of unequal shortening, and in
adjacent fractured calcareous rocks. These minerals include
pyrite, galena, sphalerite, chalcopyrite, enargite, tennantite,
vein quartz and carbonates, barite, and strengite. The barite
commonly encloses all of the sulfides except enargite. The
§pecular hematite does not occur in the vein deposits; it is
confined to beds in the Shady formation, and was formed by
recrystallization of an iron-rich mineral during the recrystal-
lization of all the rocks. The deposition of the ore and gangue
minerals in and adjacent to the faults began before faulting
had ended, for the primary minerals are in places brecciated
and enveloped in jasperoid subsequently deposited. The jas-
peroid consists of fine-grained quartz, which replaced most
of the earlier vein carbonates and parts of the carbonate wall
rocks and breccia fragments of the wall rocks.

Erosion and weathering.—Younger Paleozoic rocks presum-
ably were deposited on and folded with those now exposed,
but they have been removed by erosion since Carboniferous
time. Nonuniform degradation is indicated by remnants of
two levels of planation. One of these, the Piedmont Plateau
surface, was formed in Cretaceous time or later. It is known
as the Highland Rim peneplain, and has an altitude of 1,000
to 1,100 feet. Chemical weathering at the close of Highland
Rim planation formed deep residual clays in areas underlain
by calcareous rocks. Degradation was then resumed, with
a new base level only 200 feet below the Highland Rim, and
the Coosa terrace was formed in Tertiary tim= or later by
selective erosion in the areas containing the residual clays.

As stream gradients in these areas approached the new
baselevel, sandy clay and gravel were deposited in the lower
valleys. Aggradation advanced upstream with alluvium sup-
plied by headwater erosion and reached the headwater val-
leys, checking the removal of colluvial debris from the

‘adjacent slopes. Chemical weathering again became active,

deepening the dissected residual clays. Post-Coosa erosion
has removed most of the valley deposits and lowered the
valleys about 100 feet below the Coosa terrace level. Much
of the colluvium remains on the higher slopes as a blanket
of red to yellow sandy clay containing boulders of jasperoid
and quartzite and, in places, fragments of residual ores. The
blanket pinches out at the upslope limit of the underlying
residuum. In most places it is 2 to 25 feet thick, but in a
few places it is as much as 90 feet or more thick where it
appears to fill deep lime sinks.

Secondary mineral deposits.—Chemical weathering of the
primary mineral deposits formed the secondary deposits.
Solution of carbonate rocks and vein carbonates that enclosed
primary barite freed the barite that remains in the residual
clays. Brown iron ore was formed by the weathering of
pyrite deposits in the carbonate rocks of the Rome and Weis-
ner formations and the quartzite of the Weisner formation;
siderite is reported to be the source in one of the larger
mines, but this carbonate was not found during the present
investigation. Ocherous and umberous clays and subordinate
brown ore were formed by the hydration of the bedded hema-
tite of the Shady formation. Some of the larger ocher de-
posits occur in weathered fault zones, and pyrite is reported
in many mines no longer accessible; hematite and pyrite may
therefore be the combined source of ferric hydroxide in many
ocher deposits. The origin of the manganese oxide ores is
unknown as no primary manganese mineral has been found.
Their geologic associations suggest that the manganese was
derived from the weathering of a primary mineral deposited
contemporaneously with the other primary ore and gangue
minerals.

The deposits of brown ore are near economic depletion, and
the remaining ore probably is confined mostly to the environs
of the present mines. Some of the deposits of pyrite that
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underlie the brown-ore deposits may have considerable future
value. Some of the larger known deposits of ocher have been
exhausted economically; all surface indications of ocher in
appreciable amounts have been prospected and the deposits
extensively mined. The reserves are probably small. The
closely associated umber is available in large amounts in the
weathered hematite beds of the Shady formation, but the
reserve cannot be estimated without exploration, as the grade
of the umberous clays is quite uneven. Reserves of the under-
lying specular hematite probably amount to hundreds of
thousands of tons, but the ore can be mined only by deep
underground operations, and must be crushed and benefi-
ciated to eliminate quartz.

Many of the larger barite and manganese deposits are
economically exhausted to depths of 50 to 100 feet. The
remaining ore-bearing clays are for the most part covered
by a deep layer of colluvium and extend to depths below the
level of ground water. The mining of the deeply covered ores
will require systematic exploration, more efficient handling of
the clays excavated, improved concentration, and probably a
gradually increasing price of concentrates.

INTRODUCTION

LOCATION AND ACCESSIBILITY

The Cartersville mining district, one of the oldest
in the Southeast in continuous activity, is 40 milés
north-northwest of Atlanta, in Bartow County, Ga.
The location of the district is shown in figure 1.
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FIGURE 1.—Index map showing location of Cartersville district, Ga.

The latitude is a little more than 834° N. and the
longitude a little more than 84° 30’ W. Mining has
been carried on in an area 18 miles long and from
1% to 414 miles wide. The topographic map of the
district, prepared by the Geological Survey, includes
an area of 177 square miles in which the mining
area is a more or less median belt oriented approxi-
mately north.

Cartersville, whose population in 1943 is about
5,000, is adjacent to the southern part of the min-
ing area, and is the center for supplies and shipping.

3

The town is served by the Nashville, Chattanooga,
& St. Louis Railway, the Louisville & Nashville Rail-
road, and the Seaboard Airline Railway. Two Fed-
eral highways provide a continuous paved route
through the district: United States Highway No. 411
extends northward from Cartersville toward Knox-
ville, and United States Highway No. 41 exfends
southward from Cartersville toward Atlanta. Many
graded and unimproved roads traverse all parts of
the district except those of greatest relief.

PHYSICAL FEATURES AND WATER SUPPLY

‘The western part of the district, which has an
average altitude of 850 feet, is moderately hilly and
mostly cultivated. This part is included in the Appa-
lachian Valley and Ridge physiographic province and
is underlain principally by calcareous rocks. The
eastern part, which has an average altitude of 1,000
feet, is quite hilly and mostly forested. This part is
included in the Piedmont Plateau and is underlain
principally by noncalcareous rocks.

Except in the extreme southern part of the dis-
trict, the physiographically dissimilar western and
eastern parts are separated by an irregular belt of
ridges and knobs, which is referred to in this report
as the ridge belt. The maximum altitude in the
northern part of the ridge belt is on Bear Mountain,
2,305 feet, and that in the southern part is on
Pine Mountain, 1,552 feet. Nearly all the mines are
in the ridge belt, which is mostly forested and is
traversed by very few roads.

The northernmost part of the district is drained
by Pine Log and Little Pine Log Creeks, tributaries
of Oostanaula River. The rest of the district is
drained by the Etowah River and its tributaries.
The Etowah transects the ridge belt east of Carters-
ville and flows westward, joining the Oostanaula
at Rome to form the Coosa.

The average annual precipitation is approximately
50 inches, and the time of minimum rainfall is dur-
ing the autumn months. Headwater streams in areas
underlain mostly by noncalcareous rocks commonly
carry year-round runoff, but those in areas under-
lain mostly by calcareous rocks are commonly dry
during the summer and autumn. Most parts of the
ridge belt are underlain by calcareous rocks; hence
there is a scarcity of surface water for mining pur-
poses during the season when operating conditions
are otherwise most favorable. The calcareous rocks
are deeply weathered to residual clays, and the depth
to a dependable supply of ground water in those
clays is rarely less than 50 feet, commonly 100 feet
or more except near the larger streams having year-
round flow. Mine operators have drilled a few wells
having yields reported to exceed 100 gallons per
minute.
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Barite mining, the most active of the mining in-
dustries, is carried on mostly near the Etowah River,
which furnishes an abundant water supply. The
Water Resources Branch of the Geological Survey
maintains a gaging station 3 miles east of Carters-
ville, and records of discharge have been kept since
September 1938. The following data have been fur-
nished by M. T. Thomson, district engineer in
Atlanta:

The drainage area above the station is 1,110
square miles, and the datum of the gage is 686.92
feet above mean sea level. During the 5-year period
1939-43 the maximum discharge was 18,400 second-
feet, and the minimum was 270 second-feet, but
higher and lower values are probable for earlier
floods and droughts. The average discharge during
the 5-year period was 1,406 second-feet, a yield of
1.27 second-feet per square mile. This is equivalent
to an average runoff of 17.19 inches a year.

A gaging station is maintained also at Canton,
about 32 miles upstream from Cartersville, and at
Kingston, about 22 miles downstream. The area be-
tween Canton and Cartersville is in the Piedmont
Plateau, and that between Cartersville and Kingston
is in the Appalachian Valley. The average yield of
runoff per square mile of drainage area between
Canton and Cartersville during the 5-year period
was 0.99 second-feet, and that during the 10-day
period of minimum flow in 1941 was 0.18 second-
feet. The 5-year average yield between Cartersville
and Kingston was 1.01 second-feet; the minimum
yield 0.24 second-feet.

Although the average runoff in the Piedmont
Plateau is approximately equal to that in the Appa-
lachian Valley, the dry-period runoff is lower. This
is surprising in view of the large amount of forested
land on the plateau and the scarcity of surface water
in the valley during dry periods. It is apparent that
the channels of the Etowah and its larger tribu-
taries have been cut through the residual clays in
the valley and are fed directly by ground water. If
the dry-period runoff is maintained substantially
by ground water, the supply must be large and its
movement relatively free through solution channels
in the carbonate rocks. Ground water, therefore,
is the logical source of water for the operation of
mines that are not near the main streams.

FIELD WORK AND ACKNOWLEDG@MENTS -

Geologic mapping and study of mineral deposits
in the Cartersville district were started by the writer
in November 1936 and completed in August 1944.
Other assignments have prevented prompt comple-
tion of the work, but the delay has been compensated
by the opportunity to examine mines and drill cut-
tings made accessible or available as a result of the
war stimulus. About 15 months were devoted to the

field work, in intermittent periods, excluding co-
operative activities involved in the government war
program. :

Every operator in the district has given assist-
ance. Those who have been particularly helpful
include the officials of Thompson-Weinman & Co.,
of the New Riverside Ochre Co., and of the Barytes
Mining Co. The individual cooperation of J. M. Neel,
W. S. Knight, C. H. Claypool, R. D. Hale, and F. D.
Smith has been of especial value. Records of only
a part of the mining and production in the district
have been kept, but these were courteously fur-
nished.

The writer made for the Corps of Army Engineers
a petrographic study of core-drill samples from the
Allatoona dam site on the Etowah River and was
furnished the logs of many of the drill holes. The
information thus obtained has greatly contributed
to an understanding of stratigraphic and lithologic
relations in the adjacent area.

Prof. S. J. Shand, of Columbia University, has
made quantitative chemical analyses of several sam-
ples of the carbonate rocks, and the results of his
work have been especially helpful in the considera-
tion of possible sources of the manganese and iron
oxide ores.

The writer has received the assistance and advice
of other members of the Geological Survey in prob-
lems related to the structural geology, correlation
of formations, and the identification of obscure min-
erals. G. F. Loughlin, E. F. Burchard, and H. D.
Miser have contributed through discussions in the
field and in the office. E. T. McKnight, Charles
Milton, M. N. Short, Michael Fleischer, and Joseph
Axelrod have identified some of the primary and
secondary ore minerals by chemical; microchemical,
and X-ray methods. Many questions regarding tex-
tures and mineral relations were discussed with
C. S. Ross, W. T. Schaller, and C. F. Park, Jr.; F. W.
Stead and M. H. Staatz assisted in the plane-table
mapping of some of the manganese mines. The
manuscript has been read critically by C. F. Park, -
Jr., and F. C. Calkins, and their comments and sug-
gestions have been most helpful in the arrangement
of the report, and in the treatment of geologic
features.
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MINING AND PRODUCTION

The Cartersville district contains closely associ-
ated deposits of barite, manganese oxide ore, brown
iron ore, ocher, umber, and specular hematite. Rela-
tively little umber and specular hematite have been
mined, but the other ores have been mined on a large
scale.
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Barite and the ores of manganese oxide and brown
iron occur irregularly in deep residual clays and
have been mined largely from open cuts, although
considerable underground mining of manganese has
been carried on. The specular hematite occurs in
beds consistently in the same stratigraphic position.
It has been mined from open-cuts, tunnels, and
shafts. Most of the hematite in the zone of weather-
ing has been hydrated, and its residuum comprises
ocherous and umberous clays of uneven color. The
~ brightest ocherous clays are mined for the produc-
tion of refined ocher; both open-cut and underground
methods are used. A few attempts have been made,
largely by open-cut method, to produce the chocolate-
brown clays, or umber, for use as iron ore.

The mining of brown iron ore began about 1840,1
and there have been alternate periods of large-scale
production and of little or no production. Up to
about 1880, the entire output was used in local blast
furnaces; there were nine of these, and their sites
are shown in plate 1. The highest rate of production
was attained after 1890, and the ore was shipped
to furnaces elsewhere in Georgia and in Alabama
and Tennessee. There has been only sporadic mining
since 1923. The recorded output of iron ore from
Georgia from 1889 through 1943 is 9,127,025 long
tons, including a small but unknown amount of red
hematite, or “fossil ore”.2 The estimated total out-
put, from 1840 to 1943, is probably not more than
10,000,000 tons, and roughly half of the brown ore
is believed to have been shipped from the Carters-
ville distriet.

According to Weeks,® manganese was first pro-
duced in 1866, although Watson* states that one of
the deposits was mined as early as 1859. A large
part of the early mining was of underground type
to maintain a high grade of concentrates, and by
this practice the upper parts of many of the deposits
were selectively robbed without full recovery of the
available ore. Mass mining, by power shovel and
hydraulic giant, has accounted for most of the out-
put since 1900; the most notable exception is the
Will Lee underground mine described on pages
80-82.

- The yearly sales of concentrates of all grades did
not exceed 10,000 tons until 1917, and reached a
peak of 30,875 tons in 1930, during the operations
of the Manganese Corp. of America in the Aubrey
area. Most of the output of manganese has been of
production in Georgia through 194385 Although in-

1 McCallie, S. W., A preliminary report on a part of the iron ores
of Georgia: Georgia Geol. Survey Bull. 10-A, pp. 27, 125, 1900,

2 Information furnished by N. B. Melcher, Bureau of Mines, U. 8.
Department of the Interior.

3 Weeks, J. D., Manganese : Mineral resources U. S., 1889 and 1890,
p. 133, 1892,

4Watson, T. L., Preliminary report on the manganese deposits of
Georgia: Georgia Geol. Survey Bull. 14, p. 90, 1908.

of limonite with the manganese oxides. The accom-
panying chart, (fig. 2) shows the recorded yearly
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FiGURE 2.—Chart showing recorded yearly shipments of manganese
concentrates from Georgia, essentially from Cartersville district.

complete, the record probably includes all but a
minor part of the total output, nearly all of which
has come from the Cartersville district. The re-
corded output amounts to 187,637 long tons of con-
centrates containing 35 percent or more Mn, 249,452
long tons of 10 to 35 percent Mn, and 52,262 long
tons of 5 to 10 percent Mn.

Ocher was first mined in the district in 1877.% The
yearly production of Georgia, which is that of the
Cartersville district, was published only from 1889
to 1914. The output during this period was 121,043
short tons with a total value of $1,286,630.7 The
principal producers have supplied information re-
garding their total output since 1914. The informa-
tion is confidential, and only the aggregate amount,
200,031 short tons, can be given. Unrecorded pro-
duction probably would not amount to more than
20,000 tons. The total output of refined ocher, there-
fore, from 1877 through 1943 is about 340,000 short
tons.

Umber, which occurs in close association with
ocher, was mined and shipped during the thirties
as ‘“soft” iron ore to be sintered. The total output
from three mines was 20,000 long tons, or a little
less.

The earliest recorded production of barite from

5 Based on compilations furnished by N. B. Melcher, Bureau of
Mines, U. S. Department of the Interior.

8 Watson, T. L., A preliminary report on the ocher deposits of
Georgia : Georgia Geol. Survey Bull. 13, p. 67, 1906.

7 Compiled from U. S. Geol. Survey Mineral Resources U, 8., period
1889-93, and Ann. Repts., period 1894-99.
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Georgia was in 1894, when there was a shipment of
60 tons.® The yearly output increased slowly to
81,027 tons in 1915, but was expanded sharply to
104,784 tons in 1916.° Barite mining has been the
principal mining industry in the district since that
time. The total amount of crude barite—all barite
concentrates—sold or used by producers in Georgia
from 1915 through 1943, except during the period
1931-34, is 1,882,824 short tons having a total value
of $11,589,173.1° This is essentially the mine pro-
duction, and nearly all of it was mined in the
Cartersville district. The barite is marketed in long
tons, and the overall average value per long ton is
about $6.89.

Allowing for unpublished figures that have been
made available, and for estimated production of
which there is no record, the total output of crude
barite from 1894 through 1943 is approximately
1,830,000 long tons. This is about 24 percent of the
total production of the United States since 1880,
and its total value also is about 24 percent of that
of the United States.

The date of the earliest mining of specular hema-
tite in the district is unknown, and there is no
record of the total output. The principal mining
was done between 1875 and 1900. Most of the work-
ings are quite shallow, their maximum depth accord-
ing to local information being 200 feet. It appears

that the total shipments amounted to 60,000 tons or-

more. Only two cars of the ore have been shipped
in recent years.

Vein and placer gold deposits, mostly of small size,
occur in the southeastern part of the district. They
were mined intermittently to depths less than 100
feet during the past century, but there is no useful
record of activities and no record of the production.
The scanty information available is contained in
Bulletins 4-A and 19 of the Georgia Geological Sur-
vey and in a paper by Anderson!! describing the
exploration of one of the mines in 1932. No addi-
tional information was obtained during the present
investigation.

RELATED INDUSTRIES

Three local firms process or consume ores pro-
duced in the district, and one firm manufactures
stone products at a large quarry west of the mining
area.

Thompson-Weinman & Co., whose principal busi-
ness is the production of ground marble, operates a

8 Parker, . W., Barytes, in Mineral resources of the United States,
1894 : U. S. Geol. Survey 16th Ann. Rept., pt. 4, p. 701, 1895.

® Hill, J. M., Barium, in Mineral resources of the United States,
1916 : U. S. Geol. Survey, p. 243, 1919.

10 Compilations furnished by Oliver Bowles, Bureau of Mines, U. S.
Department of the Interior.

1t Anderson, C. S., Gold mining in Georgia: Am. Inst. Min. Met.
Eng. Trans., vol. 109, pp. 61-68, 1934.

21-table concentrating plant which is a unit of the
Paga Mining Co.’s barite mill. The table concen-
trates ordinarily contain 92 to 94 percent barite, and
are ground for use in high-gravity muds for oil-well
drilling. The company is constructing a 5-cell froth-
flotation plant with an hourly capacity of 20 to 24
tons of feed. The feed is expected to comprise the
table concentrates, whose grade will be lowered for
maximum ultimate recovery, plus tailings that con-
tain more than 15 percent barite. When in opera-
tion, the flotation plant will produce all concentrates
to be ground for high-gravity muds except jig con-
centrates containing less than 94 percent barite.

The Chemical Products Corp. consumes an undis-
closed amount of barite concentrates in the manu-
facture of its principal products: barium carbonate
and barium chloride. Two grades of barium carbon-
ate are produced: the higher-grade form, known as
the ‘“sulfur-free,” and the lower-grade, called the
“free-flowing.” Other products are sodium sulfide,
sodium hydrosulfide, and ammonium sulfide. The
company has been in operation since 1933. The con-
sumption of barite has been fairly uniform since
that time and is expected to continue so during the
near future.

The Burgess Battery Co. operates a plant for the
electrolitic production of MnO, used in the manu-
facture of dry-cell batteries.!? The plant has con-
sumed approximately 2 tons of ferruginous man-
ganese ore per day since it was put in operation in
April 1943. The ore is soft and unwashed, or “dry-
mined,” and contains an average of 30 percent Mn.
The use of such ore has been found to be economical,
and the rate of consumption is expected to remain
stable, if not to increase, in the future.

The Ladd Lime & Stone Co. operates a quarry in
the Knox dolomite, 2 miles west of Cartersville. The
quarry is located at the east end of Ladd Mountain,
and is said to have been in operation continuously
since 1866. The quarry face is about 800 feet long
and 250 feet in maximum height. It exposes thin- to
thick-bedded dolomite that strikes north and dips
gently west. The rock is reported to contain an aver-
age of 38 percent MgCO;. Crushed stone, a principal
product in the past, is no longer produced. All the
better-grade stone now being quarried is processed
in a large plant that includes six vertical kilns and
one rotary kiln. The products, in the order of quan-
tities produced, are dolomitic hydrated lime, pre-
pared masonry mortar, and burnt agricultural lime.

GEOLOGIC FORMATIONS
CAMBRIAN METASEDIMENTARY ROCKS

Most of the Cartersville district is underlain by
Cambrian rocks that are finely crystalline. Their

12 The Cartersville plant of the Burgess Battery Co. was discon-
tinued during the latter part of 1945,
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origin and age are shown by sharply bedded struc-
ture, stratigraphic succession, and a few fossils.
The rocks were originally shale, sandstone, mag-
nesian limestone, siltstone, amorphous hematite, and
conglomerate, which were deposited in more or less
horizontal beds. All were subsequently folded and
recrystallized, undergoing what is commonly re-
ferred to as low-grade metamorphism. The process
has not obscured the interbedded relation of the
different types of rocks, and the terms used herein
denote clearly evident origin. Quartzite designates
recrystallized sandstone, and the terms crystalline
dolomite and crystalline limestone are self-evident.
The less commonly used terms, metashale, metasilt-
stone, and metaconglomerate are used in preference
to terms which fail either to give a proper under-
standing of origin or to indicate that the rocks have
been metamorphosed. The recrystallized hematite is
of the specular variety and occurs in beds; it is re-
ferred to simply as specular hematite.

The Cambrian rocks exposed in the Cartersville
district have a total thickness of at least 4,500 feet,
and comprise formations of Lower, Middle, and Up-
per Cambrian age.

WEISNER FORMATION (LOWER CAMBRIAN)

DISTRIBUTION

Owing to the presence of much quartzite, the rocks
_of the Weisner formation are more resistant to
weathering than those of the other formations, and
they crop out in the higher parts of the district. The
rocks underlie a large part of the ridge belt, which
trends northward along the west side of a large area
underlain by feldspathic gneisses. This belt extends
from the vicinity of Emerson to and beyond Bear
Mountain. The areal distribution of the Weisner
formation and its contact relations with the other
formations are shown on the accompanying geologic
map, plate 1.

LITHOLOGY

The Weisner formation consists principally of
metashale but contains many beds of quartzite and
a few beds of metaconglomerate, metasiltstone, and
crystalline dolomite and limestone. These rocks occur
in the metashale in no regular stratigraphic order,
and their relative abundance varies.

The metashale consists chiefly of thin layers of
very fine-grained muscovite, which in places contain
dusty graphite, or finely disseminated quartz, or
both. The layering of the rock and the cleavage of
the muscovite are parallel to the beds of other rocks.
The metashale is dark gray and brittle when fresh
but becomes white to buff and very soft after
weathering.

By far the greater part of the quartzite is fine-
grained. The rock is dark gray where fresh and

light gray to white where weathered. Most of it is
vitreous and consists almost entirely of quartz,

"which occurs in angular, interlocking grains. (See

pl. 24, B.) Irregular parts of many beds of the
quartzite are coarse-grained and commonly contain
large ragged patches of veinlike quartz, which blend
into the rock. The coarse texture is evidently the
result of more thorough recrystallization, for the
quartz has the same interlocking relation as that of
the fine-grained rock. The quartzite in a few places
is obscurely cross-bedded, but this structure is too
scarce and too weakly developed to be of value in
determining the order of deposition of the beds. A
unique occurrence of pseudo ripple marks in a shear
zone oblique to bedding has been described and illus-
trated by Ingerson.!?

Some beds of the quartzite have a rather dull ap-
pearance even where fresh and contain various
amounts of fine-grained muscovite and feldspar.
This variety was originally silty to arkosic sand-
stone, and the quartz commonly occurs in rounded
grains clearly of detrital origin. The muscovite is
identical with that which constitutes the associated
metashale, and was derived from clayey constituents.
It is not clear whether the feldspar is detrital or a
product of recrystallization. It consists of both pot-
ash and soda varieties and occurs in separate, min-
ute, angular grains rather evenly distributed through

the rock. Its habit differs from that of the late

potash feldspar, which was locally deposited in all
types of the Cambrian rocks (see pp. 40-42), and
from that of detrital potash feldspar in the meta-
conglomerate described below. Some of the fine-
grained feldspathic rock contains disseminated cal-
cite or dolomite and much muscovite, and quartz is
a prominent but not the dominant constituent. This
variety is similar to the metasiltstone, described on
pages 18-19, which is very common in the Conasauga
formation.

The metaconglomerate, which occurs in a few ran-
dom beds in the Weisner formation, cannot easily
be identified in the field, although conglomerate tex-
ture is readily apparent in thin section. Field identi-
fication is difficult because the pebbles are small,
consist mostly of quartz, and are commonly obscured
by a coarsely recrystallized quartz matrix. The
writer has found only one outcrop where the rock
can be identified in place without question. This out-
crop is on the east slope of a low hill half a mile
southwest of the Blue Ridge mine. The texture and
composition of the rock are illustrated in plate 2C, D.

A very few of the beds of metaconglomerate con-
tain a great deal of potash feldspar, but clastic origin
is not always apparent in the field, because pods of

13 Ingerson, F. E., Fabric Criteria for distinguishing pseudo-ripple
marks from ripple marks: Geol. Soc. America Bull, vol. 51, pp.
565-566, pl. 2, 1940,
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secondary feldspar in places occur in the Cambrian
rocks. (See pls. 11 and 12.) The secondary feldspar
occurs in quite local parts of beds, however, and
mostly in metashale. In general, it is safe to con-
clude that the feldspar is detrital if it occurs uni-
formly throughout a well-defined bed whose other
main constituent is quartz, and if the feldspar and
quartz, individually or interlocked, form relatively
large rounded bodies separated by smaller rounded
bodies or angular grains of quartz.

The Weisner formation contains beds of pure and
impure crystalline dolomite and limestone, but the
relative abundance of carbonate rocks is unknown
owing to their susceptibility to weathering. They
are known in greatest amounts at the Allatoona dam
site on the Etowah River, 0.3 to 0.5 mile below the
mouth of Allatoona Creek. There is only one small
exposure of the carbonate rocks, on the south bank,
but of many holes drilled by the Corps of Army
Engineers the cores from 32 have shown that those
rocks are common at depth. The beds and continu-
ous sections of the carbonate rocks range from less
than a foot to 95 feet or more in thickness, and they
are interbedded in random succession with the cal-
careous and noncalcareous metashale, metasiltstone,
and quartzite, which make up most of the Weisner
formation in that vicinity. Dolomite and metashale
of the Rome formation overlie the Weisner rocks in
the adjacent area, and the occurrence of carbonate
rocks in the Weisner formation suggests a local
lithologic transition.

The carbonate rocks at the dam site are fine-
grained and light to dark bluish gray. Their effer-
vescence in hydrochloric acid is vigorous to meager,
showing a considerable range in the content of dolo-
mite. Much of the rock contains abundant fine-
grained muscovite like that in the metashales.
Bedding is sharply defined in core samples of the
associated rocks (see pl. 34) and in adjacent ex-
posures along the river. The muscovite in the car-
bonate rocks and the metashale is oriented mostly
parallel to the bedding.

Crystalline limestone in the Weisner formation
crops out in a ravine on the south slope of Pine Log
Mountain. The limestone is interbedded with meta-
shale and quartzite and is at least 10 feet thick. The
amount of outcrop, however, is not a reliable crite-
rion of the quantity of rock present, for the limestone
weathers rapidly in contrast to the rocks with which
it is interbedded. The limestone contains much fine-
grained muscovite, quartz, and plagioclase, and effer-
vesces freely in hydrochloric acid. There is also a
small area 2.2 miles farther south containing fioat
boulders of pyritic, silicified limestone or dolomite,
but the carbonate rock does not crop out.

The carbonate rocks known in the Weisner forma-
tion, at the two localities just described, are out-

lined as well as can be inferred on the geologic map,
plate 1. At both localities, the carbonate rocks clearly
inter-grade with the metashale that makes up such
a large part of the formation. It is possible, there-
fore, that micaceous carbonate rocks are fairly com-
mon in the Weisner, although this cannot be de-
termined from outcrops. The metashale in many
exposures consists only of leached micaceous laminae
that may or may not have contained carbonate min-
erals. This is particularly true of the metashale
exposed in the bluffs along the river at the dam site.

The presence of carbonate rocks in the Weisner
formation has not previously been reported as far
as the writer is aware. Also unreported is the occur-
rence of lenticular beds of dark rocks in the Weisner
formation in Warner Mountain, Ala., 2.5 miles
northwest of Esom Hill, Ga. These rocks occur in
weakly metamorposed shale that has been mapped
as Weisner,'¢ for a distance of at least half a mile
along Alabama State Highway No. 74. They have
a decidedly pyroclastic appearance and are noncal-
careous, but they have not been studied in detail.
No similar rocks have been seen in the Weisner
formation in the Cartersville district, and the occur-
rence is mentioned here to emphasize the wide litho-
logic range of the formation as a whole.

STRATIGRAPHIC RELATIONS AND THICKNESS

The Weisner formation as shown on the geologic
map includes the Weisner quartzite and Pinelog con-
glomerate of Hayes,’> whose interpretation of its
stratigraphy have been accepted in general by sub-
sequent workers. The reasons for grouping these
rocks together, and Hayes' reasons for dividing
them, are discussed on pages 30-33. In brief, every-
where that they are exposed these rocks have the
lithologic features just described, and they are struc-
turally continuous in the areas in which they are
shown in plate 1. '

The rocks of the Weisner formation crop out only
in the ridge belt, in anticlinal folds and are overlain
conformably on the flanks of the folds by the rocks
of the other Cambrian formations. The quartzite
is particularly resistant to weathering ; consequently,
the Weisner rocks are exposed in the higher parts of
the ridge belt. Most of the folds are strongly com-
pressed, and the base of the formation is not ex-
posed. As no beds or other horizon markers that are
persistent and distinctive have been recognized, it
has not been possible to determine the stratigraphic
thickness of the exposed part of the Weisner by field
measurements. It is clear, however, from the struc-
ture sections based on the attitude of bedding in

14 Alabama Geol. Survey, Geologic map of Alabama, 1:500,000,
1926.

15 Hayes, C. W., Geological relations of the iron ore deposits in the
Cartersville district, Georgia: Am. Inst. Min. Eng. Trans.,, vol. 30,
pp. 403-419, 1901,
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scores of outcrops that the thickness is certainly more
than 1,000 feet, and probably is 2,000 feet or more.

The Weisner formation contains no fossils and is
dated on the basis of its conformable stratigraphic
position beneath the fossiliferous Shady formation.
The position corresponds to that of the Weisner as
mapped by Butts!é in Alabama. McCallie'” collected
fossils from bedded specular hematite at the Roan
mine and erroneously reported that they were from
the Weisner formation. The hematite is now known
to be a part of the Shady formation, and Resser!s
has identified the fossils with the Shady fauna.

The quartzite contains, quite locally, rodlike
bodies, broadly elliptical in cross section with a
major diameter of 0.2 inch or less, which consist of
fine-grained quartz like that of the matrix. These
rods have been called Scolithus tubes!® and have
been found by the writer at 12 localities. The rods
are parallel and are oriented at angles from 40° to
90° to the bedding. Without exception, the enclosing
quartzite contains two sets of closely spaced s
planes, which consist of joints in most specimens,
and of shear planes in a few. The s planes intersect
at angles ranging from 30° to 60°, and the rods
invariably occur at and parallel to the intersections.

These rods may be, as supposed, sand-filled worm
borings, but it is questionable whether such weak
structures could have survived the intense folding
of the original sandstone. It is also doubtful that
such structures, if they did survive, would govern
the orientation of joints and shear planes formed
dynamiecally. It seems just as likely that the posi-
tion of the rods was governed by the s planes. Lon-
gitudinal and transverse views of a typical specimen
are shown in plate 3B, C; the directions of the s
planes are shown in the transverse view. The ac-
companying diagrams illustrate, in cross section, the
possible mechanical origin of the rods. Plane AB is
offset slightly by differential motion along plane CD.
If similar slight motion then occurred along the seg-
ments of the original AB plane, the offset obstruct-
ing the motion might be isolated by local shear
planes deflected to join the segments.

16 Butts, Charles, The Paleozoic rocks, in Geology of Alabama:
Alabama Geol. Survey Special Rept. 14, p. 63, 1926.

17 McCallie, S. W., A preliminary report on a part of the iron ores
of Georgia: Georgia Geol. Survey Bull. 10-A, p. 124, 1900.

18 Resser, C. H., personal communication.

® LaForge, Laurence, The Cartersville district, in Hull, J. P. D,,
LaForge, Laurence, and Crane, W. R., Report on the manganese
deposits of Georgia: Georgia Geol. Survey Bull. 35, p. 42, 1919,

SHADY FORMATION (LOWER CAMBRIAN)

DISTRIBUTION

The Shady formation conformably overlies the
Weisner formation, but it is lenticular and therefore
not everywhere present. Its rocks are strongly
weathered near the surface, and their residuum
underlies long, sinuous, and very thin belts along
the upper contact of the Weisner rocks. As the
Weisner formation crops out principally in the
higher parts of the ridge belt, the striplike outcrops
of the Shady formation are mostly on the slopes of
the ridges, and parallel to their crests. (See pl. 1.)
The outcrops are obscured by socil and colluvium,
and sections of the formation are exposed only in
mine and prospect openings. The southernmost out-
crop is on Bartow Mountain, 0.8 mile southeast of
Emerson, and the northernmost is on the headwaters
of Stamp Creek, 2 miles southeast of Hanging Moun-
tain.

LITHOLOGY AND FAUNA

The residual products of the weathering of the
Shady rocks remain in place, and their character
indicates that of the unweathered rocks. The prod-
ucts of weathering are sharply bedded ocherous and
umberous clays containing various proportions of
unhydrated hematite, secondary limonite, and resid-
ual masses of jasperoid. Most of the beds range in
thickness from a fraction of an inch to a foot, and
the bedding planes are not distorted.

The clay beds that are most ferruginous contain
the residual masses of unhydrated hematite, and the
bedding of the clay and that of the hematite are
parallel. The hematite grades into the clay, and the
transition is obviously the result of hydration dur-
ing weathering. The least ferruginous clay beds are
identical with those residual from the overlying
dolomite of the Rome formation and contain the
residual masses of jasperoid which, throughout the
district, occurs only in the residuum of carbonate
rocks. The residual materials indicate, therefore,
that the rocks below the zone of weathering consist
of thinly interbedded hematite and dolomite.

There is no regular succession of beds in those
sections of the formation that have been studied.
Incompletely hydrated hematite is directly in con-
tact with the uppermost quartzite bed of the Weis-
ner formation at a small brown-ore mine 0.6 mile
southwest of the Dobbins mine, and in some ex-
posures at the Roan mine. In other exposures at the

EXPLANATION OF PLATE 2
A, B, Photomicrographs of fine-grained quartzite of the Weisner formation. 4, With plain light, showing a little detrital
zircon (Z) and orthoclase (0).B, With crossed nicols, showing interlocking texture of the quartz.
C, D, Photomicrographs of metaconglomerate of the Weisner formation. C, With plain light, showing sharp outlines of
pebbles. D, with crossed nicols, showing typical interlocking texture of quartzite (above) and composite mineral char-

acter of some of the pebbles,









CAMBRIAN METASEDIMENTARY ROCKS 11

Roan mine, however, the hematite is separated from
the quartzite by a few feet of clay clearly residual
from dolomite. '

Some of the clay residual from dolomite contains
small nodules of a manganese oxide mineral of psilo-
melane type. The nodules occur quite irregularly,
and show no consistent relation to any horizon or
bed. They are rarely abundant enough for even
small-scale mining.

The residual beds of hematite consist of fine-
grained specularite and quartz in very uneven
proportions. Some parts of the beds constitute high-
grade iron ore, containing 60 percent or more of
iron (see p. 89), but the dumps left from early
mining contain much rock in which quartz is more
abundant than hematite.

The quartz occurs in minute angular grains, but
the hematite is platy to thickly tabular, and is
oriented parallel to the bedding. Much of the higher
grade hematite, containing only minor amounts of
quartz, is fissile like the metashales of the underly-
ing and overlying formations. Thick tabular crystals
of hematite occur in the fissile ore, much as feldspar
porphyroblasts occur in some of the metashales.
Most of the hematite ore is nonmagnetic, but some
specimens are weakly to rather strongly magnetic.
A polished section of the magnetic ore shows thickly
tabular hematite crystals enclosed in a matrix of
platy crystals, but no magnetite. The crystals of
both types are strongly anisotropic.

Fossils, which establish the age of the formation,
occur sporadically in both the hematite and the jas-
peroid. The writer has collected the fossils at 25
localities in the ridge belt, from the vicinity of
Emerson to the Blue Ridge mine. The specimens
were obtained from mine dumps and from weathered
residuum ; consequently, it could not be determined
whether the different forms occur in a definite se-
quence in the beds.

The fossiliferous hematite is quartzose, like much
of the nonfossiliferous hematite, and the quartz
forms the rock enclosing and filling the fossils,
which consist entirely of specularite. The fossilifer-
ous jasperoid shows organic remains mostly on the
surface of the boulders, where they have been weath-
ered into relief; the fossils consist of fine-grained
quartz, as does the jasperoid, and the fossils and
the matrix were evidently silicified contemporane-
ously. (See pp. 47-50.) Near the larger barite de-
posits, which occur in residuum of the overlying

dolomite of the Rome formation, some of the clay
residual from the beds of dolomite in the Shady
formation contains barite. The Shady fossils occur
sparsely in the barite, showing that both fossils and
matrix were replaced by barium sulfate. The pri-
mary deposition of barite occurred in carbonate
rocks. (See pp. 46-47.)

Fossils collected from the Shady formation were
examined by C. E. Resser, of the Smithsonian Insti-
tution, who reported the following forms:

‘Archaeocyathids (“coral-sponges”): Most abundant of the

fossils; probably five genera represented.
Brachiopods:

Acrothele (7)

Kutorgina sp.

Obolella sp.

Yorkia (7)
Gastropod: Hyolithes sp.
Trilobites:

Olenellus sp.

Rimouskia (7)

Wanneria sp. (spine).

Part of the collection was also examined by Josiah
Bridge, of the Geological Survey, who identified the
trilobite, Wanneria walcottana.

A collection of fossils from the Parrott Springs
mine has been examined by J. Brooks Knight and
G. Arthur Cooper, of the United States National
Museum, and found to contain the following forms:
An undetermined archaeocyathid, Nisusia sp., Semi-
circularea sp., Helcionella cf., H. rugosa (Hall). The
age indicated is Lower Cambrian.

In addition to the fossils, the hematite beds in
places contain abundant small oolites. These, like
the fossils, consist of specularite, and are similarly
enclosed in fine-grained quartz. The interior also is
filled with the quartz. The shape of the oolites is
spherical to ovoid.

STRATIGRAPHIC RELATIONS AND THICKNESS

The contact between the Shady and Weisner for-
mations is sharp and conformable, and the Shady is
overlain in most places by dolomite, which has been
regarded previously as the Shady dolomite. The
status of this dolomite will be discussed in the sec-
tion on carbonate rocks of the Rome formation, but
the facts seem to require that the name “Shady”
be restricted to the stratigraphic zone containing
interbedded hematite and dolomite, as follows:

The lithology of the zone is unique.

At 24 of the localities at which Shady fossils have been

found, the fossils occur in the rocks of the hematite zone
immediately above the Weisner formation, or in weathered

EXPLANATION OF PLATE 3
A, Thirty-six inch ealyx-drill core of metasiltstone and metashale from the Weisner formation at Allatoona dam site. Note
white bodies of orthoclase and quartz where bedding is distorted.
B, C, D, Quartzite of the Weisner formation containing quartz rods. B, Longitudinal view. C, Polished face of transverse
section; part of the quartzite is bleached from weathering. D, Diagrams illustrating possible origin by alternate

movements along s planes.
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residual jasperoid in the same stratigraphic position. At the
one remaining locality the fossils occur in jasperoid on the
crest of an anticline, and the Weisner is believed to occur
there at very shallow depth.

As far as could be determined, the hematite zone is not
consistently present where the top of the Weisner formation
is exposed. It appears broadly lenticular and is overlain by
Rome rocks, which, where the hematite zone is absent, direct-
ly overlie the Weisner.

The hematite zone, therefore, has a more distinc-
tive lithologic character and occurrence than the
underlying and overlying formations. Apparently it
alone contains Shady fossils, and it is considered in
this report to be the entire Shady formation in the
Cartersville district. The Shady has a maximum
thickness of at least 30 feet, but the effects of weath-
ering make it impossible to determine its thickness
with certainty. It may be that the formation as thus
defined corresponds to the lower beds of the Shady
dolomite as originally defined, which Stose?? has dis-
cussed as a possible source of manganese oxide ores in
the Appalachian Valley. There is no consistent rela-
tion, however, between the Cartersville manganese
deposits and the Shady formation as defined above.

ROME FORMATION (LOWER CAMBRIAN)

The Rome formation consists of crystalline dolo-
mite and limestone, and of metashale which is un-
evenly calcareous. The carbonate rocks and the
metashale are separate members that intergrade
laterally. In the western part of the district, the
" Rome formation consists mostly of the carbonate
rocks and only the upper part consists of metashale,
which in most places is highly calcareous. The car-
bonate rocks irregularly become thinner to the east,
and taper out, as a continuous series, in the ridge
belt. Eastward the metashale is calcareous in the
zone of transition. In parts of the ridge belt, and
east of it, the carbonate rocks occur in lenticular
bodies at the base of the metashale. The relation of
the two members is shown graphically in the struc-
ture sections on plate 1. The relation actually is stra-
tigraphically transitional, or interfingering, rather
than sharply lenticular, and indicates that sediments
were deposited in Rome time in water whose depth
increased westward.

The uneven occurrence of the two lithologic
groups of the Rome rocks resulted in differences of
aggregate strength and behavior during strong fold-
ing, and in differences of susceptibility to subsequent
erosion and weathering. These are the principal
controlling factors in the structural and economic
geology and the physiography of the district.

CARBONATE ROCKS
DISTRIBUTION

Carbonate rocks of the Rome formation overlie

20 Stose, G. W., Source beds of manganese ore in the Appalachian
Valley : Econ. Geology, vol. 37, pp. 163-172, 1942,

the Shady and Weisner formations in most of the
western part of the district. Unlike all other rocks
in the district, which retain their structural char-
acteristics even when strongly weathered, the car-
bonate rocks are destroyed by weathering owing to
the leaching of the carbonate minerals. They are
overlain by a thick and uneven mantle of residual
clay, which contains most of the economic mineral
deposits. The clay is easily eroded, and the areas
underlain by the carbonate rocks are low in altitude
and have little relief. The lowland areas in the ridge
belt and in the area to the west are underlain mostly
by the carbonate rocks. (See pl. 1.)

LITHOLOGY AND FAUNA

Outcrops of the carbonate rocks are rather scarce,
but open-cut mining has exposed the rocks at many
places. (See pl. 44.) The rocks consist of erystalline
dolomite and limestone. All are fine-grained and
even-textured, and individual beds are uniform in
color. The color ranges from light gray to bluish
black but is for the most part dark bluish gray.
Bedding planes are sharp, even, and parallel; there
is no trace of any other primary structure.

Dark-gray chert of sedimentary origin occurs
sparsely in thin lenses oriented parallel to the bed-
ding. The lenses are rarely more than 4 inches
across, and are best exposed in pinnacles of the
dolomite in the Paga No. 1 mine.

The carbonate rocks in many places contain thin
beds of metashale (see pl. 44), which are more
resistant to weathering than the dolomite and lime-
stone. It is identical with the metashale of the Rome
formation, described on pp. 14-15.

Samples of the carbonate rocks from 20 localities
have been analyzed by S. J. Shand, of Columbia
University, and the analyses are given in table 1.
The proportions of Ca0 and MgO indicate the dolo-
mitic character of the rocks and are of chief interest
in connection with their lithology. The insoluble
residues consist of quartz, muscovite, and pyrite in
different proportions. The carbonate rocks are no-
where exposed in a continuous section, and the
stratigraphic position of the samples analyzed can
be designated only as low or high in the formation
depending on the proximity of the outcrops to con-
tacts of the Weisner or Conasauga formations. On
this basis, samples 1 to 11 are from the lower part,
and samples 12 6 20 are from the upper part. In
pure dolomite, the proportion of magnesia to com-
bined lime and magnesia is 41.76 percent. The pro-
portions found in all the samples from the lower
part of the series closely approach this figure, where-
as those found in the samples from the upper part
have a very wide range.

As the samples from the lower beds are uniformly
almost pure dolomite, it might be inferred that com-
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TABLE 1.—Analyses of carbonate rocks of the Rome formation from the Cartersville district
No. Character and source of sample Ca0 MgO MO __ FeO MnO BaO SrO Insol.
CaO+MegO in HCI

1 Light-gray; thin-bedded. Outcrop 700 ft. NW. of Paga No. 2
barite mine_ _ . . .o 29.30 20.36 ' 41.0 0.57 0.02 Trace 4.71

2 Dark, blue-gray; thin-bedded; muscovitic, quartzose, pyritic.
Pinnacle in Paga No. 1 baritemine__ _____.______________ 18.67 11.75 38.6 1.61 38.60

3 Light-gray; thick-bedded; sparsely pyritic. Pinnacle in Section
House barite mine__ ___ __ . ___ . _______._._________._.__ 30.13 19.79 39.6 2.69 .55

4 Buff, weakly weathered, color abnormal; thick-bedded. Borrow
pit 0.6 mi. SE. of Krebs barite mine___________._____..__.__ 30.38 21.04 40.9 .24 .87

5 Dark, blue-gray; thick-bedded. Outcrop 0.4 mi. E. of Mosteller
MAaNZANeSe MUNe. - ..o oo ecoaeiceaeme e 30.79 19.88 39.2 1.77 .29

6 Gray; thick-bedded; pyritic. Pinnacle in east Bufford man-
ganese MN€. o oo s 30.45 20.79 40.6 .70 .79

7 Buff,  weakly weathered, color abnormal; thick-bedded. Pin-
nacle in Little Aubrey manganese Mine.. .- ______.______ 30.49 21.70 41.6 .56 A2

8 Light-gray; thin- to thick-bedded; sparsely pyritic. Outerop
.6 mi. NE of Sugar Hx].l-kmsey brown-ore mine._ . . __.____ 29 .89 20.36 40.5 77 2.76

9 Bluish-gray; thick-bedded. Outcrop- 1,800 ft. WSW. of Bennett
brown-ore mine__________ .. 30.52 20.68 40.4 .43 1.44

10 Light-gray; thin-bedded. Outcrop 1,200 ft. N. of Bennett
brown-ore mine__._____ . _____ . ______ o _._.__ 28.97 19.17 39.8 .08 7.65

11 Gray; thin-bedded. Outerop at Vaughan manganese mine
NO. BO) - oo e 29.50 20.37 40.8 75 3.68

12 Blulsh-gray, thick-bedded. Outerop 0.6 mi. W. of brown-ore
mine No. 1. ccicci—caan 29 .81 20.87 41.2 .32 3.06

13 Light-gray; thm—bedded Outerop 1 mi. WSW. of Kelly
brown-ore mine_ _ ___ . _____.. 30.64 21.02 40.7 .28 1.10

14 Dark-gray; thlck bedded. Outcrop 0.3 mi. SW. of Guyton
brown-ore mini 50.87 3.40 6.3 .20 1.68

15 Bluish-black; thm-bedded pyritic. Outecrop 1.4 mi. W. of
Aubrey b7 23.75 13.22 35.8 2.17 26.40
16 Light-gray; thin-bedded. Outerop 0.9 mi. W. of Aubrey Lake 29.19 20.25 41.0 .31 5.42
17 Light-gray; thick-bedded. Outerop 1 mi. W. of White___.____ 30.69 21.50 41.2 .04 .71

18 Dark-gray; thick-bedded; oolitic. Outcrop of the rock. en-
closing copper vein described on P92 .. 54.33 .55 1.0 .29 1.63
19 White; thick-bedded, Outerop 1 mi. N of Oak Hill Church. .. 28.08 19.52 41.0 .80 7.93
20 Dark-gray. thick-bedded. Outerop 1.3 mi. E. of Bolivar.___._ 28.86 18.81 39.5 2.05 3.56

position is a stratigraphic feature, and that the
mineral dolomite is of sedimentary or diagenetic
origin. On the other hand, the lower beds are ex-
posed only in the easterly outcrops, and the effects
of metamorphism are increasingly apparent east-
ward, as described on pages 35-36. It might be in-
ferred, therefore, that all the carbonate rocks were
originally limestone, that magnesia was introduced
during recrystallization, and that the more easterly
rocks were more uniformly converted to dolomite
than were those farther west. The analyses alone
will support either inference, and geologic literature
contains well-substantiated examples of both types
of origin.

It is clear at least that the origin of the dolomite
is not related to the deposition of ore minerals, for
the content of magnesia shows no areal relation to
the mineral deposits, and carbonate rocks exposed
in and near mine openings are identical with those
elsewhere. The carbonate rocks in the Weisner for-
mation, which are described above, are similar in
appearance to those in the Rome formation, but they
occur farther east, and they contain quite uneven
proportions of calcite and dolomite, as shown by
tests with hydrochloric acid. Still farther east, in
an environment of stronger metamorphism, Bayley2!
found that the rocks called the Murphy marble also
contain widely different proportions of dolomite, and
that high-calcium and low-calcium rocks are separ-
ated only by sharp bedding planes. It appears, there-
fore, that the rock-forming dolomite in the Carters-

21 Bayley, W. 8., Geology of the Tate quadrangle, Georgia : Georgia
Geol. Survey Bull. 43, pp. 80, 91, 157-158, 1928,

ville district and adjacent region was not formed
by solutions related to metamorphism. It is believed
to be of premetamorphic origin, but there is no evi-
dence to indicate whether it was precipitated direct-
ly in beds or was formed by reaction between lime-
stone and sea water.

Fosgils have been found, at two localities in the
northern part of the district, in beds of the weath-
ered carbonate rocks immediately adjacent to the
overlying metashale of the Conasauga formation.
Butts?2 collected the following forms one mile south-
west of Rydal, on the banks of Little Pine Log
Creek:

Alokistokarella sp.
Ehmaniella sp.
Elrathiella sp.
Solenopleura sp.

In a cut of the Louisville and Nashville Railroad,
0.7 mile north of Rydal, the writer collected the
incomplete remains of two trilobites that, though
indeterminable, are undistorted, although shaly lam-
inae in the enclosing limestone have been recrystal-
lized to fine-grained muscovite.

It is evident, therefore, that recrystallization
did not involve appreciable shearing. Billings and
Sharp?® have shown that much stronger metamor-
phism does not necessarily obliterate fossils. They
describe a Spirifer, not greatly distorted, that is pre-
served in a silicate schist with tectonite texture.

2 Butts, Charles, personal communication.

23 Billings, M. P. and Sharp, R. P., Petrofabric study of a fossil-
iferous schist, Mt. Clough, New Hamphsire: Am. Jour. Sci., 5th ser,,
vol, 34, pp. 277-292, 1937, -
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STRATIGRAPHIC RELATIONS AND THICKNESS

The carbonate rocks of the Rome rest on the
Shady formation where it is present and on the
Weisner formation where the Shady is not present.
The actual contacts between the carbonate and un-
derlying rocks are nowhere exposed, owing to the
obscuring effects of chemical weathering, but they
are believed to be conformable, as beds in the dif-
ferent formations are parallel in adjacent outcrops.

The carbonate rocks make up the lower part of
the Rome formation in the ridge belt, in parts of
which their relation to the Weisner formation and
the metashale of the Rome formation are well ex-
posed. The thickness of the carbonate rocks in that
area ranges from about 25 to 400 feet. They taper
out eastward but thicken westward and probably
reach a thickness of at least 1,800 feet in the area
west of the ridge belt. Even in the western part of
the ridge belt, however, the carbonate rocks are ab-
sent in places and metashale of the Rome formation
immediately overlies the Weisner formation, par-
ticularly in the areas southeast of White and north
of Pine Log Mountain. (See the geologic map, pl. 1,
and description of the Boneyard mine.) In and
to the east of the ridge belt, the carbonate rocks
occur at the base of the metashale only in isolated,
lenticular bodies. The relation of the carbonate rocks
and the metashale is discussed further on pp. 15-16.

The parts of the carbonate rocks, west of the ridge
belt, which are in contact with rocks mapped herein
as Shady and as Weisner, have been called the Bea-
ver limestone by Hayes?t, and the Shady limestone
or dolomite by all later workers. The writer also has
previously called the carbonate rocks the Shady dolo-
mite?®, including with them the hematite beds to
which the name Shady is restricted in the present
report; the common usage was followed to avoid
misunderstanding.

The correlation of the carbonate rocks involves a
sharp contrast between their lower and upper con-
tacts. The fossiliferous rocks of the Shady forma-
tion are not everywhere overlain by the carbonate
rocks, and the carbonate rocks are not everywhere
underlain by these hematite beds. In most of the
western part of the district, however, the carbonate
rocks conformably overlie the Shady rocks where
the latter are present, and those of the Weisner for-
mation where the Shady is absent; the lower contact
of the carbonate rocks, therefore, is nearly every-
where well defined.

In contrast, there is no well-defined upper con-

4 Hayes, C. W., Geological relations of the iron ores in the Carters-
ville district, Georgia: Am. Inst. Min. Eng. Trans., vol. 30, pp. 404-
406, 1901,

25 Kesler, Thomas L., Sienna (‘“ocher”) deposits of the Cartersville
district, Georgia: Econ. Geology, vol. 34, pp. 324-341, 1939 ; Struc-
ture and ore deposition at Cartersville, Georgia: Am, Inst. Min. Met.
Eng., Tech. Pub. no. 1226, pp. 1-17, 1940.

tact. The carbonate rocks grade upward and later-
ally into calcareous metashale, and their thickness
is very uneven. (See pl. 5.) The deposition of the
carbonate rocks, therefore, must have been very
closely related, in time and environment, to that of
the metashale, and they are correlated together here-
in as members of one formation.

METASHALE
DISTRIBUTION

The metashale member of the Rome formation
overlies the carbonate rocks in and along the west-
ern side of the ridge belt. The carbonate rocks taper
out eastward; the metashale thickens correspond-
ingly and constitutes nearly all of the formation in
the eastern part of the district. In and west of the
ridge belt the metashale is rather thin and calcare-
ous, and the carbonate minerals have been deeply
leached in the zone of weathering. The leached rock
is not resistant to erosion; the metashale in those
areas therefore underlies parts of the valleys and
lower slopes. The metashale is mostly noncalcareous
where carbonate rocks do not constitute the lower
part of the formation. The noncalcareous metashale
is relatively resistant to erosion, and underlies a con-
siderable part of the Piedmont upland in the south-
eastern part of the district.

LITHOLOGY AND FAUNA

Normal facies.— Most of the metashale in the
Rome formation, like that in the Weisner formation,
consists almost entirely of fine-grained muscovite
oriented parallel to the bedding. Minor amounts of
fine-grained quartz, orthoclase or microcline, and
sodic plagioclase are sporadically present. The fresh
rock is bluish gray to greenish gray, but random
beds are dark gray to black because of finely dis-
seminated graphite. Most of the rock in the outcrops
is strongly weathered, but retains its sharply bedded
structure. The weathered calcareous metashale is
soft and mealy, and contains abundant micaceous
laminae; most of it is light yellow, but some beds
are pink, purple, brown, and light gray to black.
The weathered noncalcareous metashale is brittle,
uniformly micaceous, and brownish gray in color.

The calcareous parts of the metashale in places
contain lenticular bodies of crystalline dolomite and
limestone. The lenticular bodies that have been found
in mapping are shown, in plate 1, in the extreme
northeastern and southeastern parts of the district.
It is likely that there are many more of these bodies
and that their outerops are obscured by weathering.
Most of the carbonate rocks are light to dark bluish
gray, but white dolomite occurs in the bodies shown
1 mile north of Oak Hill Church, and 0.6 mile south-
west of the Kelly mine. The Rome trilobite, Soleno-
pleura virginica, has been found by G. W. Crickmay
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in weathered beds of the lenticular body of carbonate
rocks shown 1.5 miles east of Bolivar.28 )
The metashale contains a few sporadic beds of
quartzite like that in the Weisner formation except
that the beds are mostly thin. These quartzite beds
in the metashale are exposed at the Barium Reduc-
tion and Dobbins mines and in a road cut 2.5 miles
north of Cartersville immediately west of the Louis-

ville and Nashville railroad. Pseudo-Scolithus tubes, |

identical in all respects with those in the Weisner
formation, described on page 10, occur in thin
beds of the quartzite, near the base of the metashale,
on a hill one mile northeast of Cartersville.

The metashale also contains thin and thick beds
of metasiltstone identical with that which is so abun-
dant in the Conasauga formation. The rock is de-
scribed in detail appropriately in the section on the
Conasauga formation. (See pages 18 to 19.) The
metasiltstone, like the quartzite, occurs very irregu-
larly in the metashale but is more common. In the
western part of the district, beds of metasiltstone in
the metashale are well exposed at the Bell mine and
in railroad and highway cuts south of Aubrey Lake.
In the eastern part they are abundant and well ex-
posed in the area along the Etowah River northeast
of the Iron Hill mine and both at Campbell Hill and
northwest of that place.

Chloritic facies.—Irregular parts of the metashale
of the Rome formation are weakly chloritic. The
largest of these parts occur in the northeastern and
southern parts of the district, where outcrops are
adequate for delimiting them. . The chloritic rock has
been identified at other places, however, where it
cannot be delimited owing to the scarcity of out-
crops. The principal bodies of the rock are shown
in plate 1, but isolated outcrops also occur on the
Etowah River, 0.7 mile below Island Mill Bend and
0.8 mile northwest of the Paga No. 1 mine, along a
country road 1.8 miles due west of Payne, and in a
railroad cut 1.2 miles southwest of Allatoona.

The chloritic metashale is light gray, and has a
faint greenish cast by which it can be recognized in
the field if not too deeply weathered. It is so fine-
grained that the constituent minerals can be recog-
nized and distinguished only under the microscope.
The principal constituent is fine-grained colorless
muscovite with which is intergrown, in by far the
greater part of the rock, a small and irregular
amount of pale-green optically positive chlorite.
Local and irregular parts of the rock contain, instead
of the chlorite, a small amount of a micaceous min-
eral that is either iron-rich muscovite or biotite, for
its interference colors indicate a birefringence simi-
lar to that of the micas, the optic sign is negative,
and the color is brownish-green of much greater

26 Butts, Charles, personal communication.
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strength than the pale-green color of the more com-
mon chlorite. The common orientation of all the
micaceous minerals gives the metashale a foliation
which is parallel to sporadic beds of slightly chloritic
metasiltstone and white to light-gray dolomite.

The more common interstitial aceessory minerals
are fine-grained calcite, quartz, and sodic plagio-
clase. The calcite in the fresh rock invariably effer-
vesces more vigorously in hydrochloric acid than
does the carbonate in the nonchloritic metashale.
Less common accessory minerals include fine-grained
epidote, brownish-green biotite, tourmaline, and ap-
atite. Pods of vein quartz occur irregularly in the
rock, and in places they contain small clusters of
chlorite. In a few places where the rock contains an
unusually large amount of calcite the outcrops have
been made cavernous by weathering.

The metasiltstone referred to above occurs in spo-
radic thin and thick beds. It has the same mineral
composition as the chloritic metashale with which
it is interbedded, except that the granular minerals
are much more abundant than the micaceous min-
erals. The dolomite occurs in thin, sharply defined,
lenticular beds conformable in the chloritic meta-
shale on the southwest side of Pumpkinvine Creek.
Its relation to the metashale is clearly exposed at
the mouth of a small tributary 0.8 mile due west of
the Kelly mine, and it also crops out 0.2 mile farther
southwest in the bed of the same tributary.

As the descriptions indicate, the mineral composi-
tion and structure of the chloritic metashale differ
from those of the nonchloritic rock only in the pres-
ence of a small amount of chlorite and the less com-
mon accessory minerals, and in the apparent absence
of magnesium carbonate.

STRATIGRAPHIC RELATIONS AND THICKNESS

Metashale of the Rome formation clearly overlies
the carbonate rocks wherever the two members to-
gether constitute the formation. The carbonate rocks
directly underlie the Conasauga formation only
where the metashale is absent, in the western part
of the district. Similarly, the metashale directly
overlies the Shady and Weisner formations only
where the carbonate rocks are absent, in the ridge
belt and the eastern part of the district. The two
members occur, therefore, as complementary wedges,
and structure sections plotted from outcrops (see
pl. 1) show that the total thickness of the formation
is at least 2,000 feet, regardless of the local thickness
of either member.

The metashale is about 600 feet thick at its west-
ernmost occurrence as a continuous series, in the
synclinal body that underlies an area west of and
parallel to the ridge belt. The thickness of the series
increases, however, to the southwest, northeast, and
southeast. In the area directly west of Cartersville
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the metashale is unusually calcareous and is overlain
directly by Knox dolomite 2 miles west of the town.
In the valley of Pine Log Creek, the metashale is
about 1,100 feet thick, and is overlain conformably
by the Conasauga formation. In the area east of the
ridge belt, the metashale makes up all of the Rome
with the exception of a large lenticular body of the

carbonate rocks, which underlies an area that con--

tains the Iron Hill mine,

It is in the ridge belt, therefore ,that the carbon-
ate rocks taper out eastward as a continuous series.
The transition is not uniform, however, as shown by
differences in the stratigraphic sections exposed in
the walls of open-cut mines, most of which are in
the ridge belt. Columnar sections illustrating the un-
even stratigraphy of the lower part of the Rome for-

mation are shown in plate 5. The sections are ar-

ranged in groups that in general reflect variations
across the strike. They illustrate the nonuniform
relation of the carbonate rocks and metashale, the
uneven occurrence of the Shady formation, and the
general eastward thinning of the carbonate rocks.

The differences in the thickness of the carbonate
rocks is particularly important, for the clays resid-
ual from the weathering of those rocks contain most
of the deposits of barite, manganese, and brown iron
ore. Further, the highly uneven thickness of the
carbonate rocks appears to be unique, for these rocks
correspond to the Shady dolomite of other Appa-
lachian areas where no such variation has been
reported.

In the ridge belt, the uneven transition between
the carbonate rocks and the metashale of the Rome
formation results in the irregular contacts shown on
the geologic map. These contacts are difficult to
trace, and, though clearly exposed in many open-cuts,
are commonly concealed in the infervening areas by
a surficial mantle of colluvium. (See pp. 24-25.) As
a result of the uneven thickness of the carbonate
rocks, there is a marked variation in the width of
the areas they underlie, without any apparent change
in their dip. Hence, contacts are not even and par-
allel in all parts of the ridge belt.

The metashale is variably calcareous wherever it
is underlain by the carbonate rocks, and hence its
susceptibility to weathering in the ridge belt and the
western part of the district. This feature, together
‘with the highly uneven thickness of the two mem-
bers in the ridge belt, suggests that the carbonate
rocks and the metashale intergrade. The occurrence
of lenticular bodies of carbonate rocks in the meta-
shale is further evidence of intergradation. Equiva-
lent age is shown by the presence of Solenopleura,
as described above, in the upper part of the carbon-
ate member and in a lens of carbonate rocks at about
the same stratigraphic level in the metashale.

Evidence that the nonchloritic metashale grades

into the chloritic metashale is more conclusive. North
of Pine Log Creek, the chloritic metashale conform-
ably underlies the Conasauga formation. Due east
of Bolivar, it overlies the nonchloritic metashale, but
its lower limit is irregular and this feature becomes
more pronounced eastward. The chloritic metashale
correspondingly increases in thickness eastward,
until, 1.7 miles east of Oak Hill Church, it conform-
ably overlies the Weisner formation and occupies
the stratigraphic interval occupied by the nonchlo-
ritic metashale and carbonate rocks farther west.
The contact between the chloritic and underlying
nonchloritic metashales is not sharply defined. The
chloritic rock can be identified only in relatively un-
weathered outcrops, for, when deeply leached, the -
rock is indistinguishable from the more coarse-tex-
tured parts of the nonchloritic metashale. For this
reason, the rock is probably more common than is
indicated by the weathered outcrops that character-
ize the region.

The chloritic metashale in the southern part of
the district has no such well-defined stratigraphic
position. South of Pumpkinvine Creek, it overlies
the nonchloritic, calcareous metashale, and the con-
tacts here also are quite indefinite. Along United
States Highway No. 41, it is exposed in two narrow
bodies interbedded with the nonchloritic metashale.
The rocks northeast of the highway are deeply
leached, and the normal and chloritic facies of the
metashale cannot easily be differentiated. The chlo-
ritic rock is well exposed in the deep railroad cut at
Allatoona where it is bounded on the southeast by a
body of oligoclase-mica gneiss. The metashale here
contains the less common accessory minerals listed
above.

The chloritic metashale, therefore occurs with and
in places is stratigraphically equivalent to cal-
careous nonchloritic metashale. The small amount
of chlorite is believed to have been developed during
the recrystallization of the rocks with magnesia sup-
plied by disseminated dolomite, leaving calcite as a
characteristic residual carbonate mineral.

AMPHIBOLITE
DISTRIBUTION

Considerable areas in the southeastern part of the
district are underlain by amphibolite. These areas
are somewhat irregular in outline but are in general
thinly elliptical. They are irregular also in size and
are surrounded by areas underlain by metashale of
the Rome formation and by feldspathic gneiss. The
amphibolite is more resistant to weathering than the
other rocks and is covered with a thin red to olive-
brown rocky soil.

LITHOLOGY AND PHYSICAL RELATIONS

The amphibolite is dark green, fine- to medium-
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grained, and sharply layered. The most abundant
mineral is green hornblende, which occurs in prisms
oriented parallel to the layers. Interlocking, anhe-
dral grains of quartz and plagioclase occur inter-
stitially in various proportions. The plagioclase in
specimens from five localities is very sparsely
twinned, and its composition ranges from Ang to
Anys. Sporadically present are epidote and a car-
bonate mineral that locally constitutes as much as
30 percent of the rock. Garnet occurs in abundant
.euhedral crystals in the small body of amphibolite
0.5 mile southwest of Payne but has not been ob-
served in the rock elsewhere. None of the minerals
are deformed. In the area northwest of Payne the
amphibolite is cut by thin white veins, mostly less
than 2 inches thick, consisting of coarse-grained
oligoclase and smaller amounts of rutile and sphene.

The layers of the amphibolite are conformable
with and as sharply defined as the beds of metasedi-
ments in the Rome formation in the adjacent area.
Contacts between  the amphibolite and the other
rocks are locally well exposed, and in none of the
exposures does the amphibolite cut across the struc-
ture of the other rocks. The amphibolite is sharply
interbedded with metashale of the Rome in a large
exposure along United States Highway No. 41, 1.5
miles southwest of Allatoona. There, the beds of
both rocks occur together in isoclinal folds, some of
which are sliced by minor thrust faults. The expo-
sure shows clearly that the rocks from which the
amphibolite and the metashale were derived were
interbedded prior to folding.

The zigzag contacts shown on the geologic map
are drawn where the amphibolite and the other rocks
appear to intergrade without change in the attitude
of beds and layers. These contacts between the am-
phibolite and the metashale are probably due both
to interfingering of beds and to folding, but the rela-
tive importance of these factors cannot be deter-
mined owing to the lack of continuous exposures
along the -strike. The zigzag contacts between the
amphibolite and the gneiss represent a transition
resulting from the process of replacement described
on page 39.

CORRELATION

Amphibolite is commonly interpreted as metamor-
phosed mafic rock of igneous or related pyroclastic
origin, or as metamorphosed carbonate rock of sedi-
mentary origin. '

There are no mafic rocks of proved igneous or
pyroclastic origin in the Cartersville district or in
the adjacent region shown in figure 4. The district
containg much crystalline dolomite and limestone in
the Rome formation, however, and the occurrence
of the carbonate rocks is similar to that of the am-
phibolite. Both are sharply bedded and in places are

interbedded with metashale, and in places the car-
bonate rocks, like the amphibolite, occur in lenticular
bodies. Thin sections show no evidence that the car-
bonate which some of the amphibelite contains could
have been formed by the alteration of the horn-
blende, for the texture of the hornblende is uniform
regardless of the presence or absence of calcite.

Marble and crystalline dolomite and limestone are
known at many places in northern Georgia.?” Many
of the outcrops of the carbonate rocks are obscure
owing to deep weathering, and these rocks probably
are more common than is supposed. The published
descriptions show that tremolite, phlogopite, quartz,
and feldspar are common products of metamorphism
in these rocks. Hornblende of similar origin, though
less commonly reported, is also present in places.?®
The only detailed study of any of these carbonate
rocks has been made in the Tate quadrangle by Bay-
ley, who states that the Murphy marble in that area
contains “many other streaks and vein-like masses”
of hornblendic rock, and that these “may be portions
of the marble or of other calcareous sediments that
have been metamorphosed”.?® The writer?® has
shown that crystalline carbonate rocks in the Caro-
linas contain unevenly distributed silicate minerals
of metamorphic origin and grade into sharply lay-
ered hornblende gneiss composed entirely of these
silicate minerals. ‘

There is some evidence, therefore, that the amphi-
bolite of the Cartersville district may be metamor-
phosed carbonate rock of sedimentary origin. There
is no evidence that it is metamorphosed igheous rock.
Accordingly, the amphibolite is correlated with the
carbonate rocks of the Rome formation, for, like
them, it is closely associated and even interbedded
with metashale of the Rome, and its continuity and
thickness are not uniform. The correlation accords
with the distribution of amphibolite and carbonate
rocks in a major synclinorium described on pages
33-35.

CONASAUGA FORMATION (MIDDLE AND UPPER CAMBRIAN)

B DISTRIBUTION

The Conasauga formation overlies the Rome for-
mation, and its rocks are more resistant to weather-
ing than those of the Rome. As the top of the Rome
formation is exposed only in the northern part of

21 McCallie, 8. W., A preliminary report on the marbles of Georgia:
Georgia Geol. Survey Bull. 1, 24 ed., pp. 35-72, 1907.

Maynard, T. P., A report on the limestones and cement materials
of North Georgia: Georgia Geol. Survey Bull. 27, pp. 115-128, 1912.

LaForge, Laurence and Phalen, W. C., U. S. Geol. Survey Geol
Atlas, Ellijay folio (no. 187), pp. 52-54, geologic map, 1913.

Bayley, W. 8., Geology of the Tate quadrangle, Georgia: Georgia
Geol. Survey Bull. 43, pp. 75-102, 146-159, geologic map, 1928.

2 McCallie, S. W., op. cit, pp. 39-40. LaForge, Laurence and
Phalen, W. C., op. cit,, p. 112. Bayley, W. S., op. cit,, p. 89.

20 Bayley, W. S., op. cit., p. 28.

3 Kesler, T. L., Correlation of some metamorphic rocks in the
central Carolina Piedmont: Geol. Soc. America Bull, vol. 55, pp.
755-782, 1944,
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the district, the Conasauga rocks underlie the higher
ground in that area. They crop out principally on
low ridges between Bolivar and the vicinity of Au-
brey Lake, and on the Piedmont upland in the ex-
treme northeast corner of the district.

LITHOLOGY

The Conasauga formation is similar to the Weis-
ner formation in that it consists largely of noncal-
careous metashale, which is unevenly graphitic in
places and contains thin and thick beds of more com-
petent rocks. These competent beds include a little
quartzite and impure crystalline dolomite, and much
metasiltstone that characterizes the formation.

Sporadic beds of the quartzite crop out near the
position of cross-section line B—B’ (plate 1) on the
hill 0.4 mile northeast of Oak Hill Church, and 1
mile farther northeast on Johnson Mountain. Spo-
radic beds of the dolomite crop out on the hill north-
east of Oak Hill Church, on another immediately
northeast of White, and on a third 0.5 mile due west
of Aubrey Dam.

The metashale, quartzite, and dolomite are similar
to those in the other formations previously described.
Although metasiltstone is a minor and irregular con-
stituent of both the Weisner formation and the meta-
shale of the Rome formation, it is abundant in the
Conasauga formation. The rock is therefore de-
scribed in this section of the report, but the de-
scription applies equally to the metasiltstone in the
Weisner and Rome formations.

In the ridges west of the Louisville & Nashville
railroad both the metasiltstone and the metashale
with which it is interbedded are very fine-grained.
The metasiltstone is the more resistant to weather-
ing; it crops out more boldly than the metashale, and
weathered slabs of it persist as float even where
there are no outcrops. The only exposure of fresh
rock, however, is at the dam of Aubrey Lake. (See
pl. 4B.) The unweathered metasiltstone is white to
light gray and has a dense, hornfelslike texture. The
beds at the dam and elsewhere are unlaminated to
weakly laminated and range in thickness from less
than an inch to 18 inches or more. The fresh rock
is very hard, and cannot be scratched with a knife.
It effervesces in dilute hydrochloric acid, slightly if
unpowdered, rather vigorously if powdered. In thin
section the rock is seen to consist principally of very
fine-grained quartz, microline or orthoclase, sodic

plagioclase, carbonate, and a little muscovite, which
is mostly interstitial but which also forms short
laminae. Tourmaline and zircon are present sparse-
ly in minute grains. Thin sections of samples col-
lected at different localities show considerable varia-
tion in the proportions of these minerals, particularly
the carbonate minerals. The mineral grains are an-
hedral and interlocking, and none of them show any
evidence of abrasion or weathering. (See pl. 4C, D.)

Weathering removes the finely disseminated car-
bonate minerals, and gives the rock a finely porous
texture and gritty feel. These features led Shearers!
to call the rock feldspathic sandstone. The mineral
grains have sutured contacts, however, and most of
them are somewhat less than 1/16 millimeter thick,
which, in the clastic sediments, characterizes silt-
stone rather than sandstone.’? The chemical com-
position of the rock also resembles that of silt, as
shown in table 2, but the rocks from which the sam-
ples were obtained are mildly weathered, and the
analyses do not reflect the usually appreciable
amounts of carbonate minerals. As these have been
leached, the amounts of MgO and CaO shown are
low, and those of the other constituents are some-
what high.

TABLE 2.—Principal chemical constituents of metasilsistone
and Recent silt

Metasiltstone in the Cartersville district!
(percent of constituents in indicated sample)
Recent
silt¢
21 32 33 34 35 Average
SiOz._______ 68 .40 78.42 80.00 78.38 73.10 75.66 69.96
AlsOs_ o __.__ 14 .44 10.52 11.04 8.98 10.26 11.05 10.52
FesOs. .. 3.58 1.24 1.92 3.30 4.98 3.00 3.47
FeO________ [:1 2 PRI SRPUIPUIPPIPR [SPUIDIPNY IR [UUOUUIPEY (RSP,
MgO________ .20 W12 .45 .14 .16 .21 1.41
CaO.______. .00 .00 tr. tr. 00 | . 2.17
NasO._.____ .47 1.36 .24 2.73 1.42 1.24 1.51
$Oo Lo 7.77 5.90 2.45 4.54 8.22 5.78 2.30
TiOso o ____ .96 72 .96 72 72 .82 .54
{670 PYNNNUO ISP FPEIIIIIR FEOUPI [T SO B 1.40

1The rocks are mildly weathered, and the amounts of MgO and CaO are low
owing to the loss of carbonate minerals.

2Shearer, H. K., Report on the slate deposits of Georgia: Georgia Geol. Survey
Bull. 34, p. 151, 1918.

SHazeltine, R. H., Notes on rocks occurring in the Cartersville slate (manu-
script report in files of Georgia Geol. Survey). -

4From Clarke, F.W., and Steiger, George, The relative abundance of several me-
tallic elements: Wash. Acad. Sei. Jour., vol. 4, p. 59, 1914,

That the rock is recrystallized is indicated by its
texture and by its occurrence in recrystallized shales.
As its composition and grain size correspond approx-

3t Shearer, H. K., Report on the slate deposits of Georgia: Georgia
Geol. Survey Bull. 34, p. 130, 1918,

32 Twenhofel, W. H., Principals of sedimentation, 1st ed., pp. 270,
293, 1939,

EXPLANATION OF PLATE 4
A, Dolomite of the Rome formation containing thin beds of metashale that are resistant to weathering. Exposure in the

Paga No. 1 mine.

B, Exposure of metasiltstone of the Conasauga formation at Aubrey Dam,

C, D, Photomicrographs of metasiltstone from the vicinity of Aubrey Dam. C, With plain light, showing abundance of
dolomite—the mineral with various degrees of high relief—and scarcity of muscovite—the lamellar material. D, With
crossed nicols, showing interlocking relation of quartz and feldspars; note twinning in some feldspar grains.









GNEISSES DERIVED FROM CAMBRIAN ROCKS 19

imately with those of siltstone, the rock is classed
as metasiltstone. All of the characteristics described,
except grain size, apply to the metasiltstone through-
out ‘the district. The grain size increases eastward
and southward, as does that of the minerals in the
rocks associated with the metasiltstone. The coarsest
texture of the rock occurs in the Conasauga forma-
tion in the extreme northeast corner of the district,
and in the Rome formation in the areas mentioned
on page 15. It has the appearance of very impure
quartzite or fine-grained arkose, and the surface is
characterized by white to light-brown slabs weath-
ered from the beds. Some of the beds contain mega-
scopic grains of quartz and feldspar; these are ap-
parently detrital because they are rounded, unlike
the finer, sutured grains of the groundmass.

STRATIGRAPHIC RELATIONS AND THICKNESS

The Conasauga formation overlies the Rome for-
mation, and the beds of the two formations are con-
formable in all outcrops at and near the contact.
Owing to the thinning out of the metashale member
of the Rome formation westward, the Conasauga
overlies the carbonate rocks of the Rome in nearly
all of the northwest part of the district, but in the
area south of Aubrey Lake the Conasauga overlies
the westernmost part of the metashale of the Rome.
The Conasauga and part of the Rome have been
removed by erosion between this area and the valley
of Pine Log Creek, but the metashale thickens in
this interval, becoming chloritic. Hence, on the slope
north of Pine Log Creek, the Conasauga formation
directly overlies the metashale ; the beds are parallel,
and occur in minor undulatory folds. The rocks in
this area are well exposed in many ravines. They
have been mapped with considerable care (see pl. 1),
and their attitudes reflect an undoubtedly conform-
able relation between the formations.

Shearer?? has grouped together some parts of the
Conasauga and Rome formations in which metasilt-
stone is common, and has designated them as the
Cartersville formation. It has been impossible to
adhere to this grouping in the present work, for
Shearer’s contacts transgress the strike of the rocks,
and his formation includes carbonate rocks, calcare-
ous metashale, and noncalcareous metashale which,
as shown herein, are stratigraphically distinct.

Owing to the abundance of microcline and mus-
covite in the metasiltstone and associated metashale,
some of the rocks in Shearer’s group have been pros-
pected as possible sources of potash.?* These at-
tempts at development did not mature, and the rocks
appear to be no more a commercial source of potash
than any other silicate rocks containing the same
minerals.

33 Shearer, H. K., op. cit.,, pp. 128-132, map III, 1918,
3 Shearer, H. K., op. cit., pp. 132-163.

No fossils have been found in the Conasauga rocks
in the district, although the fossils that have been
found in the Rome formation occur very near the
contact. The Conasauga is correlated entirely on its
sharp contact with and lithologic distinction from
the Rome, and on superposition.

The thickness of the formation is unknown, as the
top is not exposed, but the part of it that underlies
the upland north of Pine Log Creek is at least 2,000
feet thick.

GNEISSES DERIVED FROM CAMBRIAN ROCKS

GENERAL FEATURES

Much of the central, eastern, and southeastern
parts of the district are underlain by medium- to
coarse-grained feldspathic gneisses that contain
large amounts of bluish quartz. They range in color
from white to dark greenish gray. As shown on the
geologic map, there are three varieties of the
gneisses, and they are distinct in appearance.

One variety, here called oligoclase-mica gneiss, is
white to light brownish gray, and consists largely
of oligoclase, quartz, and laminae of mica, with wide-
ly different proportions of orthoclase ; the mica lam-
inae are parallel, and give the rock a pronounced
foliation. Another variety, called andesine-augite
gneiss, is dark greenish gray, and consists largely
of andesine with smaller amounts of quartz, biotite,
partly uralitized augite, and a little orthoclase irreg-
ularly distributed; the minerals have no common
orientation, but the rock is sharply layered. The
third variety, a porphyroblastic gneiss, is character-
ized by abundant large crystals of orthoclase en-
closed in a groundmass that in some places has the
mineral composition and structure of the oligoclase-
mica gneiss, and in other places those of the andes-
ine-augite gneiss. Accordingly, the appearance of
the rock is not uniform; it is foliated and light in
color where mica laminae are present, and layered
and darker where mica laminae are not present, but
the foliated structure is the more common.

Much of the potash feldspar in the gneisses irreg-
ularly contains patchy or incompletely developed
microcline twinning. The indices of refraction of
many specimens of the feldspar, as determined in
immersion media, are low (« about 1.517), and are
essentially the same in grains that contain the twin-
ning and those that do not contain it. The twinning
appears to be of secondary origin (see p. 20), and
for convenience the potash feldspar as a whole will
be called orthoclase. :

The mutual relations of the gneisses are obscure
as a result of deep weathering, but it is believed that
the rocks intergrade. This belief is based on the
occurrence of sparsely disseminated orthoclase pro-
phyroblasts in both the oligoclase-mica gneiss and
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the anedsine-augite gneiss, near contacts with the
porphyroblastic gneiss. This feature, together with
the irregular character of the groundmass of the
porphyroblastic gneiss, suggests that the porphyro-
blasts merely mask a complex association of the two
nonporphyroblastic gneisses.

Contact relations show that the gneisses are
younger than the enclosing metasediments, and were
therefore developed in post-Cambrian time. All evi-
dence obtained in the present work indicates that
the gneisses were formed by the alteration through
igneous influence of large parts of the older rocks
after most of the folding had occurred. This evi-
dence is discussed farther on in the report. (See
pp. 38-45.) The only post-Cambrian time in which
this alteration might have occurred is the late Car-
boniferous, which coincides with the time of folding.
(See p. 27.) The gneisses are therefore believed
to have been developed in late Carboniferous time.

OLIGOCLASE-MICA GNEISS
FIELD DESCRIPTION

Beause of its color and texture the oligoclase-mica
gneiss is of the general variety commonly referred
to as granitic gneiss. The rock is white to medium
gray and medium- to coarse-grained. The coarsest-
grained and most abundant constituents are feldspar
and bluish quartz. The feldspar crystals are in gen-
eral one-fourth inch or less in length. Muscovite,
with or without biotite, occurs in short parallel lam-
inae, and the abundance and thickness of the laminae
give the gneiss weak to strong foliation. Locally,
near contacts with amphibolite, the gneiss contains
hornblende rather than mica laminae, as described
on page 39.

A layered structure, parallel to the foliation, is
apparent in a few places, but the occurrences are too
uncommon to serve as a basis for structural map-
ping. The layered structure is marked both by
sharply defined differences in the proportion of micas
to other minerals and by very thin and persistent
films of mica in rock of homogeneous composition
and texture.

MICROSCOPIC FEATURES

Thin sections of the oligoclase-mica gneiss show
that plagioclase, of composition An;, to Ang;, is the
dominant feldspar. Orthoclase with sporadic micro-
cline twinning is commonly though not everywhere
present, in widely varying proportions; it appears
to be most abundant in the body of the gneiss shown
on the map in the middle of the eastern border of
the district. The relative proportions of the feld-
spars cannot be used as a basis for areal mapping,
owing to the irregular occurrence of the orthoclase.
The more common variety of the rock, in which
orthoclase is a minor constituent, will be desecribed
first.

The principal constituents of the rock are oligo-
clase and quartz, with the latter somewhat the more
plentiful. They occur in irregular grains with su-
tured contacts. The quartz shows mild undulatory
extinction, but is not crushed. The oligoclase, which
also is uncrushed, shows sporatic albite twinning.
Much of it is clouded with fine-grained inclusions,
as shown in plate 64, B. In most of the gneiss these
inclusions are very fine-grained muscovite, which in
some grains are oriented in trends®® and in others
are unoriented. Even in the same thin section, the
inclusions are limited to the cores of some feldspar
grains but occur throughout other grains. Twinning,
if present, may be limited to the clouded core of a
grain (pl. 64), or may characterize the entire grain.
In some thin sections the inclusions consist of clino-
zoisite in addition to muscovite; in other sections
they consist entirely of clinozoisite.

The most plentiful of the minor constituents are
muscovite and greenish-brown biotite, which occur
in parallel laminae and also in isolated plates. Mus-
covite is usually the more abundant, but in one thin
section the proportion is reversed; a little of the
biotite in this section is altered to chlorite. Some of
the mica plates curve around feldspar grains, but
others abut sharply against them ; both relations are
shown in plate 6 4, B. Orthoclase is sparsely present
in anhedral grains embayed by the quartz. Calcite
occurs unevenly, in ragged grains, with the feld-
spars and quartz, and in very fine-grained aggre-
gates in the mica folia. (See pl. 64.) Fine-grained
clinozoisite is abundant in some thin sections but
absent in others. The other accessory minerals in-
clude apatite, pyrite, sphene, and garnet, all fine-
grained. These minerals are very scarce.

In some parts of the gneiss, particularly in out-
crops east of Stamp Creek and south of Payne, the
potash feldspar is a prominent or even dominant
constituent. It occurs in large anhedral crystals con-
taining irrvegularly distributed blebs and spindles of
sodic plagioclase. The potash feldspar is mildly frac-
tured in most of the gneiss, but is locally more
strongly fractured. Rather indistinet microcline
twinning occurs in the crystals; it is unevenly dis-
tributed, and its prominence is in direct proportion
to the extent of fracturing. This relation between
rupture and twinning is consistent in the other
gneisses, and in the Cambrian metasediments as
well. (See pp. 21, 23, 41.) The twinning is therefore
interpreted as an indication of strain, which Alling3®¢
believes it to be.

Most of the matrix consists of oligoclase and
quartz, in various proportions. The oligoclase is

35 Ingerson, F. E., Albite trends in some rocks of the Piedmont:
Am. Jour. Sci., 5th ser., vol. 35-A, pp. 127-141, 1938.

36 Alling, H. L., The mineralography of the feldspars: Jour. Geol-
ogy, vol. 29, pp. 206-210, 275-276, 1921,
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finer-grained than the orthoclase, embays the ortho-
clase, and is fractured wherever the orthoclase is
fractured. Some of the grains contain myrmekitic
intergrowths of quartz, but this feature is not evi-
dent in all thin sections. The quartz fills fractures
in the orthoclase, but not in the oligoclase, which
indicates that the oligoclase is the younger. The
quartz shows strain shadows wherever the feldspars
are fractured. The mica laminae are in some places
relatively thick and continuous and are alternate
with layers of the granular minerals. A photomicro-
graph of strongly foliated gneiss containing the max-
imum proportion of potash feldspar is shown in
plate 6C. The granular layers consist of coarse-
grained orthoclase and a smaller amount of fine-
grained oligoclase, both of which have been weakly
strained and fractured. The orthoclase is cut by
veinlets of quartz, which also occurs in irregular
lenses; the quartz has strain shadows oriented par-
allel to the mica laminae.

ANDESINE-AUGITE GNEISS
FIELD DESCRIPTION

The andesine-augite gneiss occurs in relatively
small bodies enclosed in the porphyroblastic gneiss,
and it is commonly associated with bodies of the
Cambrian rocks that are similarly enclosed. The
rock is dark greenish gray, medium-grained, and
even-textured, and hand specimens of it closely re-
semble a massive igneous rock. (See pl. TA.) The
hand lens shows the rock to consist mostly of feld-
spar. Smaller amounts of bluish quartz, biotite, and
disseminated metallic minerals also are evident in
hand specimens. Field tests with hydrochloric acid
have shown that the gneiss in many but not all out-
crops contains evenly disseminated calcite.

Even in the outcrops it can be seen that the min-
erals are more or less equidimensional and that the
plates of biotite have no common orientation except
in rare and discontinuous laminae. The rock conse-
quently lacks the foliate structure that characterizes
the oligoclase-mica gneiss, but it is sharply divided
into layers, mostly from 2 inches to 2 feet thick, and
therefore has a gneissic structure. (See pl. 7B).
These layers are invariably parallel to the folation
of adjacent porphyroblastic gneiss and to the bed-
ding of adjacent Cambrian rocks. Contact relations
with these rocks are obscure, however, for the an-
desine-augite gneiss weathers readily to a thin red
soil in which residual boulders are plentiful. The
boulders are fresh with the exception of a thin
weathered selvage.

MICROSCOPIC FEATURES

In thin section, also, the texture of the andesine-
augite gneiss strongly resembles that of an igneous
rock. (See pl. 6D.) The dominant mineral is andesine
(Ang to Ang), which occurs in anhedral crystals.

In three thin sections cut from specimens collected
at different localities, the average length of the
andesine crystals is about 0.1 inch and the greatest
length 0.45 inch. In two of the sections, the crystals
are weakly fractured (see pl. 6D.); in the third,
the crystals are moderately fractured and are slightly
offset along the fractures. The crystals are strongly
twinned; some of them contain inclusions of fine-
grained muscovite and a little clinozoisite.

The augite is colorless and nonpleochroic and has
extinction angles of from 40° to 43°. Its average
grain size is similar to that of the andesine. In thin
sections the augite shows a wide range of alteration
to uralite. Plate 6D shows the least alteration, in
which there is only a thin rim of uralite around the
augite, but in the other sections only small residuals
of augite remain in pseudomorphous masses of ural-
ite. The augite and uralite together constitute 5 to
30 percent of the rock. The uralite is partly altered
to pale-green fine-grained chlorite except adjacent
to ilmenite, where the alteration product is brown
biotite, similar to the coarser primary biotite but
finer-grained. The fine-grained chlorite permeates
the fractures in the andesine, as if its constituents
were distributed by the solutions that caused the
alteration of the augite. The chlorite-filled fractures
in the andesine show no genetic relation to the fine-
grained muscovite and clinozoisite included in the
andesine.

Anhedral quartz and orthoclase are commonly
present in uneven amounts, but either mineral may
be present without the other, and together or sep-
arately they are usually more abundant than augite.
The quartz is rarely fractured, but shows mild un-
dulatory extinction. The orthoclase is mildly frac-
tured, is veined like the andesine with fine-grained
chlorite and contains random and indistinct strain-
twinning as does the orthoclase in the other gneisses.
Some of the orthoclase, in irregular parts of the
gneiss, occurs in large, sporadic crystals of porphy-
roblastic habit. This is particularly true of the body
1.8 miles east of the mouth of Stamp Creek. The
rock that contains the sporadic porphyroblasts dif-:
fers in the relative scarcity of the large crystals from
the porphyroblastic gneiss of the facies having an
andesine-augite matrix.

Deep-brown biotite is the most abundant of the
minor constituents, but its amount is uneven. The
biotite occurs in undeformed and unaltered plates of
about the same size as the grains of the other min-
erals. (See pl. 6D.) Apatite, in euhedral to sub-
hedral crystals, is an unusually plentiful and rather
evenly distributed accessory mineral. Less evenly
distributed accessory minerals are ilmenite, calcite,
zircon, and pyrrhotite. Ilmenite is by far the most
abundant of these, and its abundance seems to vary
directly in proportion to that of augite. ‘
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PORPHYROBLASTIC GNEISS

FIELD DESCRIPTION

The porphyroblastic gneiss is strongly character-
ized by numerous large crystals of orthoclase, which
give the rock a coarsely spotted appearance. The
matrix of these crystals is feldspathic and medium-
grained. In places it is light- to medium-gray and
contains abundant parallel laminae of mica, which
give the rock a coarse and strong foliation. In other
places, the matrix is dark greenish gray and con-
tains few laminae of mica but is thinly to thickly
layered. Bluish quartz is a prominent constituent
of the foliated facies of the gneiss and a less promi-
nent constituent of the layered facies.

In mapping the porphyroblastic gneiss, it is im-
possible to differentiate the two facies according to
the character of the matrix. This is due in part to
the effects of weathering but in greater degree to
the lack of a well-defined areal pattern of the two
facies. They appear to occur at random and to inter-
grade, and the abundance of the large orthoclase
crystals masks the transition or contact.

The orthoclase porphyroblasts range in length
from 0.3 to 3.3 inches, and are mostly Carlbad twins.
They are most abundant in the foliated rock, of
which they may constitute as much as 80 percent.
They rarely make up more than 50 percent of the
layered rock.

In the foliated rock the porphyroblasts are an-
hedral to subhedral, with the long dimension parallel
to the twinning plane and approximately parallel
to the laminae of mica. The laminae are commonly
abundant and persistent, and the porphyroblasts
occur between them in more or less planar aggre-
gates, as illustrated in plate 7C, which shows the
porphyroblastic gneiss of most widespread occur-
rence. ’

There are two uncommon varieties of the porphy-
roblastic gneiss that occur sporadically in areas not
more than a few thousand square feet in extent. In
one variety, the porphyroblasts are more nearly
equidimensional than those in the strongly foliated
‘gneiss and constitute by far the greater part of the
rock, being so abundant that they mutually interfere.
Mica occurs interstitially in very thin, wavy laminae

that give the rock an indistinet foliation, as shown
in plate 7D. In the other uncommon variety, whose
principal occurrence is on the north bank of the
Etowah River at the mouth of Stamp Creek, the mica
laminae are relatively thick and continuous, but the
gneiss has a roughly fluted structure, and the por-
phyroblasts occur in striplike aggregates oriented
parallel to the fluting. (See pl. 84, B.) The fluted
gneiss occurs only where structural attitudes are
highly divergent within small areas, and the min-
erals are abnormally strained, as described on page
40.

The porphyroblasts in the layered or nonfoliated
facies of the gneiss are subhedral to euhedral, are
squarish to elongate, and are oriented at random.
In even the best-formed crystals, however, the angles
are slightly rounded, and the contacts of the faces
with the matrix are slightly serrate. In some places
the gneiss contains tabular remnants and wisps of
the sharply bedded metasediments. The bedding of
these rocks is parallel to the layered structure of the
gneiss, and the contacts are gradational. (See pl.
8C.) Some of the inclusions are garnetiferous, and
the gneiss near them is also garnetiferous—an asso-
ciation well shown on Stamp Creek, 0.6 mile south-
west of Stamp Creek Church.

MICROSCOPIC FEATURES

The matrix of the common foliated facies of the
porphyroblastic gneiss is similar in .composition
and structure to the oligoclase-mica gneiss; it con-
sists mainly of oligoclase and quartz in addition to
the mica laminae. The matrix of the less common
layered facies consists principally of andesine, part-
ly unralitized augite, quartz and irregularly oriented
biotite; accordingly, the matrix corresponds in com-
position and structure to the andesine-augite gneiss.

As the porphyroblastic gneiss differs from the two
nonporphyroblastic gneisses only in the presence of
the porphyroblasts, a description of the microscopic
character involves only distinctive features related
to the occurrence of the porphyroblasts. The differ-
ences are few and are summarized from a study of
seven thin sections cut from specimens collected by
the writer, and five thin sections examined for the
Corps of Army Engineers.

EXPLANATION OF PLATE 6

A, B, Photomicrographs of unweathered oligoclase-mica gneiss from dump at Allatoona gold mine. A, With plain light,
showing oligoclase grains clouded with inclusions. Oligoclase, quartz, and orthoclase fill the lighter parts of the field.
Other minerals are intercrystallized micas, m; calcite, ¢; apatite, a. B, With crossed nicols, showing lack of strain

and fracture, and sporadic twinning in oligoclase.

C, Photomicrograph of oligoclase-mica gneiss with strongest foliation and maximum proportion of orthoclase. Mottled
granular minerals are orthoclase and a little oligoclase; clear granular mineral with strain shadows is quartz; dense

light-gray layers are muscovite laminae. Crossed nicols.

D, Photomicrograph of andesine-augite gneiss, showing texture of the rock and association of minerals. The andesine shows
strong twinning. Other minerals are augite, a, marginally altered to uralite; biotite, b; orthoclase, o; black areas are

ilmenite. Crossed nicols.









POST-CRETACEOUS SURFICIAL DEPOSITS

The orthoclase porphyroblasts of the more com-
mon foliated facies of the gneiss show moderate to
strong effects of strain. Microline twinning is devel-
oped unevenly, and the crystals are commonly frac-
tured, but offsets along the fractures are few and
of slight displacement. Some of the fractures are
healed with quartz continuous with that in the ad-
jacent matrix; most of the quartz shows undulatory
extinction. The oligoclase embays the porphyro-
blasts and apparently is of later origin. Some of the
thin sections show effects of slight hydrothermal
alteration, including clear sodic rims on grains of
oligoclase, biotite partly altered to chlorite, and
sphene partly altered to leucoxene. These features
occur sporadically rather than generally in the
gneiss.

The orthoclase porphyroblasts of the layered fa-
cies of the gneiss show milder effects of strain.
They are commonly fractured but are not offset,
and strain-twinning is very rare. The andesine also
is mildly fractured and appears to have corroded
the porphyroblasts, which may account for their
rounded corners and uneven faces. Medium-grained
orthoclase, which is not apparent in hand specimens,
also is present and has the same relations as the
porphyroblasts.

Some of the smaller andesine crystals along the
margins of the porphyroblasts are irregular in
shape and are myrmekitic, containing wormy inter-
growths of quartz, as shown in plate 8D. The devel-
opment of the myrmekite appears to be related to
the corosion of the orthoclase, but the myrmekite
occurs only sporadically along the margins of the
orthoclase, although the latter appears to be every-
where corroded. Furthermore, myrmekitic texture
is not limited to the finer grains of andesine, with-
out definite crystal outlines, but occurs also in the
outer parts of a few of the larger, strongly twinned
crystals, which are commonly elongate parallel to
the twinning. The myrmekitic parts of such crystals
are all in contact with orthoclase, but other parts

of the same crystals, also in contact with orthoclase,
are not myrmekitic.

POST-CRETACEOUS SURFICIAL DEPOSITS

GENERAL FEATURES
Irregular surficial deposits of unconsolidated

sandy clay, in places containing gravel and boulders,
are common in the western part of the district and
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in the ridge belt. These deposits occur on slopes and
broad divides, at altitudes between 800 and 1,200
feet. They are relatively thin, and their presence
is concealed by topsoil and vegetation except where
they contain abundant pebbles and boulders that
occur as float. The thickness and character of these
deposits, and even the presence of most of them,
are clear only where the deposits have been dis-
sected by erosion or exposed in mine openings.
Owing to their obscurity and highly irregular occur-
rence, the deposits cannot be outlined without the
aid of a drill, and hence they have not been mapped.
Very thin deposits of recent alluvium, which border
the larger streams, also have not been mapped, for
they are less eroded and therefore more obscure
than the older surficial deposits. The broader
stretches of recent alluvium along the major streams
are approximately outlined by the broad spacing of
contours on the topographic base of plate 1.

The surficial deposits are of two types: the one,
characterized by the presence of smoothly rounded
pebbles and boulders, is alluvium, and the other,
characterized by their absence, is colluvium. De-
posits of the two types merge in some places and
are apparently of contemporaneous origin, but their
composition and distribution reflect a difference in
mode of deposition. The age of the deposits cannot
be stated definitely. The deposits are remnants of
larger deposits formed during a period of aggrada-
tion that followed the final period of peneplanation
in the Cartersville region, in post-Cretaceous time,
as is indicated in the section on erosional history
(pp. 50-51) which discusses the processes related to
the origin of the deposits described below.

ALLUVIAL DEPOSITS

The deposits that contain the pebbles and boulders
are less abundant than those which do not contain
them, but their occurrance is more widespread. The
pebbles and boulders consist of quartzite and vein
quartz and are enclosed in red to yellow sand and
sandy clay, that, in places, is obscurely bedded.
Rarely, near barite deposits, a few of the rounded
pebbles consist of barite. The coarser constituents
are clearly water-worn, and this feature, together
with the sporadic bedding in the sandy clay, indi-
cates alluvial deposition.

Considerable transportation of the constituents
of the alluvium is indicated by the distribution of
the deposits. These are particularly numerous on

EXPLANATION OF PLATE 7

A, Polished face of andesine-augite gneiss.
B, Layered structure in andesine-augite gneiss.

C, Strongly foliated porphyroblastic gneiss of common occurrence. Qutcrop 1 mile east of mouth of Stamp Creek.
D, Local, weakly foliated variety of porphyroblastic gneiss, on Etowah River 0.2 mile above the mouth of Stamp Creek.

Foliation parallel to knife.
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the lower hills south of Cartersville, near the Eto-
wah River, where most of them overlie calcareous
metashale that does not contain quartzite or vein
quartz. The deposits are less numerous in the upper
drainage areas of Pettit and Little Pine Log Creeks,
but there also they overlie calcareous metashale and
carbonate rocks lacking the quartzose rocks of which
the pebbles and boulders consist.

The size and relative abundance of boulders in
the alluvial deposits increase with proximity to the
ridge belt. This feature is particularly well shown
in deposits along the western flank of Little Pine
Log Mountain, which contain large boulders in
abundance. These deposits grade upslope and up
the narrow valleys into accumulations of angular to
semirounded quartzite blocks, which are essentially
talus deposits derived from outcrops higher on the
mountain. The transition occurs between 1,100 and
1,200 feet of altitude, and indicates the source of
the material in the alluvial deposits.

The alluvial deposits occur, near the Etowah
River, above 800 feet of altitude, and, in the north-
ern part of the district, above 900 feet of altitude.
Their deposition thus appears to be related to the
present drainage system, although the streams have
cut through the deposits everywhere except in their
highest parts. A single exception to the range of
altitude given above has been found 1.5 miles south-
east of Cartersville, where a deposit of the alluvium
occurs at an altitude of only 700 feet along U. S.
Highway No. 41. This deposit is believed to have
been formed by the erosion and redeposition of the
alluvial material during the carving of the Etowah
floodplain, and there are probably other such de-
posits in the lowland along the river, concealed by a
blanket of silt.

COLLUVIAL DEPOSITS

The surficial deposits that do not contain smooth-
ly rounded pebbles and boulders have a range of
altitude similar to that of the alluvial deposits, and
occur on slopes in and near the ridge belt that are
underlain by carbonate rocks and calcareous meta-
shale. They consist principally of deep-red sandy
clay, much less compact than the underlying brown
to yellow clays residual from the weathering of the
carbonate rocks and calcareous metashale.

The red sandy clay commonly contains boulders
of variable sizes. The boulders consist of jasperoid

(described on pp. 47-49) and quartzite, and they
occur in the clay wherever the underlying residuum
contains boulders of jasperoid, and wherever quartz-
ite of the Weisner formation crops out upslope above
the deposits. The jasperoid boulders are angular
to semirounded, as are those in the underlying
residual clays, and the quartzite boulders are angu-
lar as are those which occur as float near the out-
crops upslope. Near residual ore deposits the red
clay also contains fragments of the residual ores.
These slope deposits of red clay and the irregular
coarser constituents are exposed in the upper walls
of most of the open-cut mines. Invariably they
show no bedding or any evidence of sorting. Their
constituents are derived from adjacent residual
clays and rocks in place, and the deposits have
obviously been formed by the downslope migration
of erosional debris. The fine clay has been washed
away during the process of migration, and the re-
maining material is coarser and more highly oxi-
dized than the residual clays from which most of
it is derived. The debris on the slopes has been
called colluvium by Hull,®” and the term is used
in the present report. It distinguishes eroded ma-
terial that has been deposited, with little abrasion
or sorting, before reaching the stream courses.
The contact between the colluvium and the under-
lying residuum is sharp in some places and grada-
tional in others. The sharp contacts appear to reflect
an initial accumulation of debris, by sheet wash, on
bare surfaces. The gradational contacts appear to
reflect slower initial accumulation by soil creep.
The colluvial deposits are 2 to 10-feet thick in the
walls of most of the open-cuts. The deposits lens
out gradually upslope at the contact between the
Weisner rocks, which crop out on the crests of the
ridges, and the overlying caleareous rocks whose
residuum occurs on the slopes. In the narrow head-
water valleys, mostly between 1,000 and 1,200 feet
in altitude, the colluvial deposits grade downslope
into alluvial deposits in which the channels of the
streams are cut. In the broader headwater valleys,
mostly between 800 and 1,000 feet in altitude, the
colluvial deposits commonly lens out rather abruptly
above the floors, which contain no alluvium.
Locally, however, the colluvium occurs in rela-

3 Hull, J. P. D., Report on the barytes deposits of Georgia:
Georgia Geol. Survey Bull. 36, p. 15, 1920.

EXPLANATION OF PLATE 8 _
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